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ASTM STANDARD 
REINFORCING BARS 



BAR SIZE 


NOMINAL DIMENSIONS 


UtoloINMI IUIM 


AREA 
(in/) 


WEIGHT 
(lb/ft) 


DIAMETER 
(in.) 


#3 


0.11 


0.376 


0.375 


#4 


0.20 


0.660 


0.500 


#5 


0.31 


1.043 


0.625 


#b 


0.44 


1.502 


0.750 


#7 


0.60 


2.044 


0.075 


#0 


0.79 


2.670 


1.000 


#9 


1.00 


3.400 


1.128 


#10 


1 71 

l. LI 


f.uUu 


1 770 

l. LI U 


#11 


1.56 


5.313 


1.410 


#14 


2.25 


7.65 


1.693 


#18 


4.00 


13.60 


2.257 



I 



The current A615 specification covers bar sizes #14 and #18 in Grade 60, and bar sizes #11, 
#14 and #18 in Grade 75. The current A706 specification also covers bar sizes #14 and #18. 
Bar sizes #14 and #18 are not included in the A616 and A617 specifications. 
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FOREWORD 

Design and layout of anchorages and splices involves a unique combi- The requirements for splicing and anchorage in "Code for Concr 

nation of art and science in any complete reinforced concrete structural Reactor vessels and Containments (ACI 359-89)," Chapter 21 (Spe< 

design. Properly designed splices are a key element in any well-executed Provisions for Seismic Design) and in "Code Requirements for Nucl 

design. End anchorage for bars in principal framing elements terminating Safety Related Concrete Structures (ACI 349-90)" are not covered in i 

at edges of a structure often must be accomplished in joints where space is publication. 

limited and fit is complicated by crossing bars in other planes. Practical , . . ........ 

considerations of cost, construction time, and feasibility under normal con- . ™ e ™d examples in this publication concern 

ctm/.tiAn ™ n A;,^„r ™ «r i • - r* j lne selection and use of reinforcing; materials, anchorages, methods 

struction conditions are ol equal importance in meetine Code require- . . . , . b ...... i • 

menu. The purpose of this publication is to present the Architect/Engineer ?P Ilc '"* a " d niechanica! splices are merely illustrative. In any design p 
with a variety of design options from the most widely-accepted practices in judgment of an experienced Arch. tea/Engineer should be use, 

anchoring and splicing reinforcement. 10 the besl ^ of achlcvI "g specific design requirements. 

The Institute believes that adherence to the recommendations con- , mechanical s P lices are shown fo / information purp< 

tained in this publication will assure performance in accordance with the ° n,y CRSI d ° eS n0t Pf**™ 1 '^pecuon or certification of quality noi 

design requirements of the Architect/ Engineer and result in substantial ^ ^ performance of proprietary mechanical splices 

economies for all concerned. ' ommend one manufacturers splice over another s. Those shown h 

been used in actual structures in the U.S. Performance daia are avail; 

The requirements of ACI 318-95 (3I8M-95] affecting anchorages and only from the manufacturers. The Architect/Engineer should deierm 

splices have been referenced in this publication. Development and lap whether particular mechanical splices possess the special propei 

splice tables for reinforcing bars and welded wire fabric, per the AASHTO required for the iniended purposes and, if necessaiy. are acceptabh 

Bridge Specifications and the AASHTO LRFD Bridge Design local code or building authorities. 
Specifications, have also been included. j 
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SECTION 1— Introduction 



1.1 GENERAL 

The analysis of reinforced concrete structures subjected 
to various external loads and forces is generally predicated 
upon the assumption that all the separate elements of rein- 
forced concrete behave as a unit. Due to practical limita- 
tions, the actual structure must be built piece by piece or 
story-by-story. Nevertheless, one of the principal elements 
of the art of design is to produce this monolithic behavior 
of the finished structure. Properly located construction 
joints in the concrete will ensure transmission of the com- 
pressive force in excess of that carried by concrete and all 
tensile forces required to cross the construction joint must 
be carried by the reinforcement. Just as it is physically 
impossible to cast all concrete in one monolithic, continu- 
ous operation, it is impossible to provide full length contin- 
uous reinforcement throughout any sizeable structure. 
Splices of reinforcement are unavoidable. Properly 
designed splices are a key element in any well executed 
design. Many splice situations are unique and require "cus- 
tom-made" engineering solutions. 

1.2 REINFORCING BARS 

Since anchorage and splices of reinforcing bars 
("rebars") are essential to the monolithic behavior of the 
finished structure, the Architect/Engineer should be famil- 
iar with the practical limitations of placing (installing) rein- 
forcing bars. Practical limitations on the length of rebars 
occur during manufacture, fabrication, transportation to 
jobsite, and on the jobsite. Most steel mills roll rebars to a 
standard stock length of 60 ft [18.3 m]* for all except the 
smallest and largest sizes. Longer lengths require special 
rolling arrangements. The absolute maximum length possi- 
ble varies greatly from mill to mill. 

Fabricating shops using stock on hand are normally lim- 
ited to bar lengths of 60 ft [18.3 m]. Bending equipment 
and its location in the shop may also impose limitations on 
the length of bent bars. 

When shipping bars by truck, economic, legal, and phys- 
ical limitations as to bar length, and width (fig. 1) of bent 
bars must be considered. Maximum length, in addition to 
mill and fabricating shop limits, is determined by the num- 
ber of bars involved, the route from the fabricating shop to 
the jobsite, the available trucking equipment and construc- 
tion limitations at the jobsite. Practical construction limita- 
tions on bar length must also be considered. Except for 
slabs on grade, long lengths of horizontal bars projecting 
beyond required construction joints are generally undesir- 
able. Vertical members limit feasible bar lengths most 
severely In multistory construction, column bars are usual- 
ly one-story or two-story in height. For designs with larger 
size bars in columns requiring staggered mechanical splices 
or butt-welded splices, use of two-story 6r three-sVory height 



column verticals is usually recommended. Only larger s 
vertical bars have sufficient stiffness for use in free-standi 
two-story lengths. Tall columns or piers, as required 
some bridges, can utilize longer vertical bars where lor 
work serves to brace the bars, but n is usually best 10 s 
within stock length limitations. For practical economy, m 
structures should be designed to utilize rebars within th« 
limits and the stock length of 60 ft [18.3 m]. 



MAX. BAR LENGTH 





Fig. 1 — Maximum Dimension — Bundles of Bent Bars for 
Truck Delivery (7 ft-A in. is equivalent to 2200 mm) 



1.3 WELDED WIRE FABRIC 

Welded wire fabric (WWF) is manufactured in sheets ; 
rolls. Wire sizes of W1.4 and smaller are usually manu 
tured only in rolls. Maximum sheet and roll sizes v 
according to the manufacturer's equipment- Shipp 
restrictions should also be considered when choosing fal 
styles. WWF is available in rolls, generally 5 to 7 ft [150< 
2100 mm] wide and 150 to 200 ft [46 to 61 m] long, or i 
ft [2400 mm] wide, 20 ft [6100 mm] long sheets. 

Welded wire fabric may be designed as "one-way" fab 
with primary reinforcing wires in one direction only, : 
cross-wires serving only as "holding" wires. Or, as it n. 
often the case, the wires in both directions are designer 
structural reinforcement. In this case, full strength laps 
anchorages are usually specified on all sides of the fa 
sheets. 



* Metric equivalent of 60 ft. Metric equivalents are prese 
throughout this publication. 
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SECTION 2 — Design Requirements 



2.1 GENERAL 

The ACI Building Code requires for design purposes 
(hat reinforcing bar splices be classified as tensile or com- 
pressive. If the splice will undergo stress reversal, it will be 
necessary to determine the magnitude of both tension and 
compression stresses. Normally, lensile stress will control as 
tensile requirements are more severe. Tension-controlled 
splices are further classified as to location and stress level. 
Separate requirements are provided for tension splices in 
tension tie members. 

Depending upon location and percentage of reinforce- 
ment spliced at a single cross section, tension lap splice 
requirements are defined as Class A or Class B. 
Corresponding requirements for other types of splices are 
also defined. 

2.2 APPLICATION OF CODE DESIGN REQUIREMENTS 

In the application of the ACI Building Code design 
requirements to a practical design, several areas appear 
open to various interpretations. The following notes may 
assist the reader in developing interpretations within their 
intent: 

1. No splice exactly reproduces the behavior of a continu- 
ous bar. To ensure against a premature (brittle) splice 
failure, full mechanical splices* and full welded splices 
at points of critical tension are required to develop a 
minimum of 125 percent f r Presumably, minimum lap 
length rules provide the same margin of overload 
capacity and this factor defines the requirement of "full 
development." 

2. The Code limits bundled bars to four bars to ensure 
concrete penetration for bond. Include the splice bar, if 
used, within this limit, which would limit bundles with 
splice bars to three effective bars. Bundled bars may be 
offset bent. 

3. Splices within bundles may be mechanical splices, dou- 
ble lap spliced, or butt-welded. For mechanical splices 
or butt-welded splices, devices using thick sleeves or 
enlarged sections can present practical difficulties to fit- 
ting within a tight bundle. Generally, these difficulties 
can be minimized by staggering the splices. The double 
lap splice (separate splice bar) requires staggering each 
bar end one lap length minimum, but does permit use 
of standard shear cut ends. The splice bar must be 
included in the bundle size when computing the lap 
length required. 



4. Kor overall economy, many Architects/kngineers prefer 
to rejain the same column size from footings to roof, 
reducing vertical reinforcing steel and concrete 
strengths only, which saves construction time and form- 
work. 

5. The Commentary to ACI 10.9. 1 ** states: "The percent- 
age of reinforcement in columns should usually not 
exceed 4 percent if the column bars are required to be 
lap spliced." 

6. Where vertical bars in columns are offset bent, reduc- 
tion in flexura! capacity proportional to the reduced 
effective depth should be considered. 

7. # 14 and #18 [#43 and #57] bars must be mechanical- 
ly-spliced or butt-welded; except lap splices are permit- 
ted in compression only to #1 1 [#36] and smaller bars 
(ACI 12.16.2 and ACI 15.8.2.3). They can be offset bent 
when used as column verticals. 

8. End-bearing mechanical splices (tensile capacity of 
zero) can be used where the bar is not required for ten- 
sion. If tension exists in a column at the cross-section 
where end-bearing mechanical splices are used, a ten- 
sile capacity should be provided in each column face 
equal to twice the maximum computed tension in that 
column face. If tension exists at the cross-section where 
an end-bearing mechanical splice is used, unspliced 
bars running continuously through the cross-section for 
the full tension development distance should be sup- 
plied. 

9. The Code does not require that all mechanical splices 
or butt-welded splices be staggered (ACI 12.15.3) 
except as required by ACI 12.15.4.1 and ACI 12.15.5. 
Column butt splices designed for seismic conditions 
whether mechanically-spliced or welded, in compres- 
sion or tension, require a minimum stagger of 24 in. 
[600 mm] (ACI 21.3.2.4). Butt splices of all bars (other 
than seismic design) can, under some conditions, be 
made at one point in a story permitting economical 
preassembly of bars into "column cages." 

10. Longest length spiral normally fabricated is approxi- 
mately 15 ft [4500 mm] in height. Tall piers in bridges 
and piles for deep foundations may require spirals 
which exceed 15 ft [4500 mm] in height. When these 
conditions occur, spirals are usually spliced together in 
the field. 



•Defined in this publication as a mechanical split e capable of both 
tension and compression. 

•♦Reference to the ACI Building Code, AC. I 318-95. is given as 
"ACI" followed by the number of the sec tion 
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SECTION 2 — Design Requirements 



• 2.3 CRSI RECOMMENDATIONS TO 
ARCHITECTS/ENGINEERS FOR SPLICES 

1 . Only the Arch ilea/ Engineer can design ihe splices. The 
design drawings, notes, and project specifications 
should clearly show or describe all splice locations, lap 
splice lengths, and types of splices permitted or 
required (AC1 1.2.1). 

2. Follow recommended requirements Tor lap splice 
lengths as shown in this publication. 

3. For #14 and #18 [#43 and #57] bars, use mechanical 
splices only; except lap splices are permitted in com- 
pression only to #1 1 [#36] and smaller bars. 

4. When splices are required only for compression, and 
lap splices are undesirable, use end-bearing mechanical 
splices for economy. 

5. Bundles of #14 and #18 [#43 and #57] bars are not 
permitted for beams under the ACI Building Code, and 
they are not recommended for general use in buildings. 
In bridges, 2-bar bundles of #14 or #18 [#43 and #57] 
may be used in beams or columns. 

6. Avoid manual arc welding in the field wherever possi- 
ble. Consider mechanical splices as an alternate. 

7. Where arc welded splices are used, the following are 
required: 




(a) ASTM A706 low-alloy steel rebars should be speci- 
fied 



(b) Welding of reinforcing bars should conform to 
requirements of ANSI/AWS D 1.4-92 "Structural 
Welding Code — Reinforcing Steel" 

8. Never permit field welding of crossing bars ("tack" 
welding, "spot" welding). Tie wire will suffice without 
harm to the bars. 

9. Except where job conditions make it impossible, it is 
considered good practice to stagger splices of any type. 
Practical requirements, such as enlarged size of 
mechanical splices or equipment, make a minimum 
stagger length preferable. Lap splices, if staggered, can 
usually be made shorter. 




SECTION 3— Methods of Splicing 



Methods available for splicing reinforcing bars are: lap 
splices, mechanical splices and welded splices. 

3.1 LAP SPLICES 
General 

This is the predominant method of splicing. Bars may 
be spaced or in contact. For bar-to-bar splices, contact 
splices are preferred for the practical reason that, wired 
together, they are more easily secured against displacement 
during concrete casting. Non-contact lap-spliced bars 
should not be spaced too widely apart, permitting a zigzag 
crack between bars. Spacing of bars in non-contact lap 
splices should not exceed one-fifth the lap length nor 6 in. 
[150 mm]. See Fig. 2. 



CLEAR SPACE - 
MAX. 1/5 LAP 
LENGTH. BUT 
MOT MORE 
THAW 6 hu 
(150 mm) 



Contact Lap Splices 
(Preferred) 



* 4 t 

Non-Contact Lap Splices 



Fig. 2— Contact and Non-Contact Lap Splices 

Lap-Splice Connector Systems 

Lap splice connector systems, as the term is used in this 
publication, describe proprietary prefabricated plastic or 
metal boxes or strips of foam containing prefabricated 
anchorage and lap splice reinforcement. Rebar end hooks 
are made to specified dimensions and have one end factory 
bent and inserted into a two-piece box of plastic or metal or 
embedded in a foam plank. The assembly is attached to the 
formwork at a construction joint, with the exposed end 
hook of each bar projecting back inside the form where it 
will be embedded in concrete of the initial placement. After 
the forms are stripped, the encased or boxed lap splice 
reinforcement is exposed. This is done either by removing 
the form side of the plastic or metal box or extracting the 
foam. Then the pre-bent lap splice bars are field straight- 
ened with a pipe and/or hickey. See Fig. 3. 



4 PRE-B^NT LAP 

SPLICE REINFORCEMENT 
(LENGTH TO BE 
SPECIFIED BY 
ARCHITECT/ENGINEER 
TO BE FIELD 
STRAIGHTENEO WITH 
PIPE ANO/OR HICKEY 



END HOOK (AS 
SPECIFIEO BY 
ARCHITECT/ 
ENGINEER) 



FORM SIDE OF BOX 




2-PIECE PLASTIC 
OR METAL BOX 

or foam plank 



Fig. 3— Lap-Splice Connector 

The ACI Building Code permits field bending of par- 
tially embedded reinforcing bars when shown on design 
drawings or permitted by the Architect/Engineer. 
Therefore, engineering approval should be obtained prior 
to the use of these systems.* These systems are and have 
been used in actual structures in the U. S. with rebar as 
large as a #6 [#19]. Some manufacturers limit the bar sizes 
to #3, #4, and #5 [#10, #13, and #16] only. Available 
technical literature suggests that successfully field rebend- 
ing Grade 60 [420] rebar as large as a #6 [#19] depends 
significantly on the specific rebar's rebendability character- 
istics, the tightness of the initial bar bend, the rebending 
axis, the bar temperature, and the straightening impact. 
The rebendable potential of rebar is affected by deforma- 
tion pattern, heat treatment, physical properties, and 
chemical composition. These factors can be expected to 
vary between mill sources and heats. Rebendability is not 
part of the current ASTM specifications for reinforcing 
bars. 



*For more information, see Appendix C. 
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SECTION 3— Methods of Splicing 



• 



Bundled Bar Splices 

Special rules are provided for splices of bundled bars in 
ACI 12.14.2.2. Since individual bar splices within a bundle 
should noi overlap, lap splices must be staggered ai least 
equal 10 the length of the required lap splice. See Fig. 4. If 
a full mechanical splice or a full butt-welded splice is used, 
a staggered location of the splice point is recommended to 
avoid bunching all mechanical splices or welded splices at 
one point. If end-bearing mechanical splices are used, and 
full tensile capacity of unspliced bars at each splice point is 
desired, the length of stagger must be at least equal to the 
required tension development length of the bars. If end- 
bearing mechanical splices are used for compression only, a 
staggered location of the splice point, usually 2 or 3 ft [600 
or 900 mm], is recommended as an erection convenience. 
Compression capacity for this arrangement is taken as 100 
percent. If the stagger is made equal to the tension lap 
splice length required by the ACI Building Code, this 
arrangement is assumed to provide a 50 percent tensile 
capacity for a 2 -bar bundle, a 66 percent capacity for a 3bar 
bundle, and a 75 percent capacity for a 4-bar bundle. 



development and compression lap splices are applicable for 
both non-seismic and seismic conditions. 

The AASHTO Bridge Specifications do not have special 
requirements for seismic conditions so development and 
lap splice lengths are the same for non-seismic and seismic 
conditions. 

Development and Lap Splice Length Tables 

The following 35 tables of development and lap splice 
lengths cover the following; 

1 . Inch-pound and metric units. 

2. Reinforcing bars, deformed wire, deformed welded wire 
fabric and plain welded wire fabric. 

3. Tension development, tension lap splice, hook devel- 
opment, compression development and compression 
lap splice lengths. 

4. ACI 318 Building Code and the AASHTO Standard 
Specifications for Highway Bridges. 

5. Uncoated and epoxy-coated steel. 

6. Non-seismic and seismic joint conditions. 

In order to assist the reader in quickly locating the spe- 
cific table of interest, refer to the chart on the following 
page: 



/ 



Fig. 4—Staggering of Bundled Bar Splices 



Seismic Joints 

The provisions of Chapter 1 through 18 of the ACI 
3 18/3 1 8M Code apply for seismic conditions except as 
modified by the provisions of Chapter 21. Chapter 21 pro- 
vides modified requirements for tension development of 
straight bars and standard hook development within a joint. 
Therefore, tables are presented herein for tension develop- 
ment and standard hook development within seismic joints. 
Note that ACI 3 1 8/3 1 8M, Section 21.3.2.3, does not allow 
lapping of rcbars in a joint. Note also fhat compression 
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SECTION 3— Methods of Splicing 



LOCATION CHART FOR DEVELOPMENT AND LAP SPLICE TABLES 




' Walls .un\ slahs. 
■ Walls and slal>s. 
' -HMM) psi (L'SMP 
liar multiple v 



:'.()<KI psi 1 1> 1 Ml'altoiicuu. 
1000 psi |2S Ml>;,| (onovic. 

l| COIKTfll*. 
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SECTION 3— Methods of Splicing 



TABLE 1— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR UNCOATED BARS 

(ACI 318, Inch-Pound Values) 







Lengths (in.) per Concrete Strength (psi) 






300 


0 psi 


4000 psi 


5000 psi 


Bar 


Lap 


Top 


Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3 


A 


22 


32 


17 


25 


19 


28 


15 


22 


17 


25 


13 


19 




B 


28 


42 


22 


32 


24 


36 


19 


28 


22 


33 


17 


25 


#4 


A 


29 


43 


22 


33 


25 


37 


19 


29 


22 


33 


17 


26 




B 


37 


56 


29 


43 


32 


48 


25 


37 


29 


43 


22 


33 


#5 


A 


36 


54 


28 


41 


31 


47 


24 


36 


28 


42 


22 ! 


32 




B 


47 


70 


36 


54 


40 


60 


31 


47 


36 


54 


28 


42 


#6 


A 


43 


64 


33 


50 


37 


56 


29 


43 


33 


50 


26 


38 




B 


56 


84 


43 


64 


48 


72 


37 


56 


43 


65 


33 


50 


#7 


A 


63 


94 


48 


72 


54 


81 


42 


63 


49 


73 


37 


56 




B 


81 


122 


63 


94 


70 


106 


54 


81 


63 


94 


49 


73 


#8 


A 


72 


107 


55 


82 


62 


93 


48 


71 


55 


83 


43 


64 




B 


93 


139 


72 


107 


80 


121 


62 


93 


72 


lt)8 


55: 


83 


#9 


A 


81 


121 


62 


93 


70 


105 


54 


81 


63 


94 


48 


72 




B 


105 


157 


81 


121 


91 


136 


70 


105 


81 


122 


63 


94 


#10 


A 


91 


136 


70 


105 


79 


118 


61 


91 


70 


105 


54 


81 




B 


118 


177 


91 


136 


102 


' 153 


79 


118 


91 


137 


70 


105 


#11 


A 


101 


151 


78 


116 


87 


131 


67 


101 


78 


117 


60 


90 




B 


131 


196 


101 


151 


113 


170 


87 


131 


101 


152 


78 


117 


#14 


N/A 


121 


181 


93 


139 


105 


157 


81 


121 


94 


140 


72 


108 


#18 


N/A 


161 


241 


124 


186 


139 


209 


107 


161 


125 


187 


96 


144 



Notes: 

1. tabulated values ;m- based on Cradc tin reinforcing bars and normal weigh I concrete. Lengths arc in inches. 

2. Tension development lengths and tension lap splice lengths are calculated per ACI 318-93. Sections 12.2.2 and 12.15, respectively. Tabulated values lor beams or 
columns are based on transverse reinforcement and concrete cover meeting minimum Code requirements. 

3. Cases 1 and 2. which depend on the type of structural element, concrete coven and the centci -to-ccmer spacing ol the bars, are defined as: 

Beams or ( Use I Cow, ..i |< ., s , 1 .0 //,, and c.-c. spacing at least 2.0 H h 

Columns: < iase 2: Cover less than 1 .0 d u or c.-c. spacing less than 2.0 <l h 

All Others: Case I : Covci .it leas< 1 .0 and c.-c. spacing at least 

< !ase 2. Cov< t less than I .Orf^ or c.-c. spacing less than S.O fl/ f 

1. Lap splice lengths are multiples <i| u-mmoii development lengths: Class A = 1 .0 0,, and Class H = I. (ACI SIH-ilfi. Section I2.l. r #.l). 

5. ACI SlS-Uf. does not alUv uWhhi lap spin es of # M or U I K bars. The tabulated values for those bar sizes are die tension development lengths. 

(i. lop bars are hoiisoiiial bais „,• ih.tn \'» in. of concrete cast Ix-low the bars. 

7. l*or ligluw«*ighi .fggffg.iti-t «.iH in, . itiolupK du- tabulated values bv I A 
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SECTION 3— Methods of Splicing 



TABLE 1 (CONT.) — TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR UNCOATED BARS 

(ACI 318, Inch-Pound Values) < 







Lengths (in.) per Concrete Strength (psi) 






600 


3 psi 


7000 psi 


8000 psi 


Bar 


Lap 


Top 


Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3 


A 


15 


23 


12 


18 


14 


21 


12 


16 


13 


20 


12 


15 




B 


20 


30 


16 


23 


18 


28 


16 


21 


17 


26 


16 


20 


#4 


A 


20 


31 


16 


24 


19 


28 


15 


22 


18 


26 


14 


20 




B 


26 


40 


20 


31 


25 


37 


19 


28 


23 


34 


18 


26 


#5 


A 


25 


38 


20 


29 


24 


35 


18 


27 


22 


33 


17 


25 




B 


33 


49 


25 


38 


31 


46 


24 


35 


29 


43 


22 


33 


#6 


A 


31 


46 


24 


35 


28 


42 


22 


33 


26 


40 


20 


30 




B 


40 


59 


31 


46 


37 


55 


28 


42 


34 


51 


26 


40 


#7 


A 


44 


66 


34 


51 


41 


61 


32 


47 


38 


58 


30 


44 




B 


58 


86 


44 


66 


53 


80 


41 


61 


50 


75 


38 


58 


#8 


A 


51 


76 


39 


58 


47 


70 


36 


54 


44 


66 


34 


51 




B 


66 


98 


51 


76 


61 


91 


47 


70 


57 


85 


44 


66 


#9 


A 


57 


85 


44 


66 


53 


79 


41 


61 


49 


74 


38 


57 




B 


74 


111 


57 


^5 


69 


103 


53 


79 


64 


96 


49 


74 


#10 


A 


64 


96 


49 


74 


59 


89 


46 


69 


56 


83 


43 


64 




B 


83 


125 


64 


96 


77 


116 


59 


89 


72 


108 


56 


83 


#11 


A 


71 


107 


55 


82 


66 


99 


51 


76 


62 


93 


48 


71 




B 


93 


139 


71 


107 


86 


128 


66 


99 


80 


120 


62 


93 


#14 


N/A 


86 


128 


66 


99 


79 


119 


61 


91 


74 


111 


57 


85 


#18 


N/A 


114 


171 


88 


131 


106 


158 


81 


122 


99 


148 


76 


114 



Notes: 

1 Tabulated values are based on Grade 60 reinforcing bars and normal weight concrete. Lengths are in inches. 

2. Tension development lengths and tension lap splice lengths are calculated per ACI 318-95, Sections 12.2.2 and 12.15, respectively. Tabulated values for beam 
columns are based on transverse reinforcement and concrete cover meeting minimum Code requirements. 

3. Cases I and 2, which depend on the type of structural element, concrete cover, and the center-to-cemer spacing of the bars, are defined as: 

Beams or Case I : Cover at least 1 .0 d fi and c -c. spacing at least 2.0 d b 

Columns: Case 2: Cover less than ! .0 d b or c.-c. spacing less than 2.0 d b 

All Others: Case I: Covet at least \.0d b and c.-c. spacing at least 3.0.//, 

Case 2: Covet lev, than 1 .0 d b or c.-c. spacing less than 3.0 d b 

\. I.ap splice lengths are multiples of tension development lengths; Class A = 1.0 ^ and Class \\ = 1.3 (ACI 3I8-05, Section 12.15.1). 

5. ACI 3IS-«I5 docs not allow tension lap splices of # 1-1 or # 1 8 bars Hie tabulated values lot those bar si/es are the tension development hngths. 

0. lop bars ate hori/oiual bats with more than 12 in. of concrete cast Mow the bars. 

7 lor lightweight agj»u«aie (oucrete. inuluplv the tabulated values bv 1.3. 
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SECTION 3— Methods of Splicing 



TABLE 2— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(ACI 318, Inch-Pound Values) 







Lengths (in.) per Concrete Strength (psi) 






300 


0 psi 


4000 psi 


5000 psi 


Bar 


Lap 


Top 


Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3 


A 


28 


42 


25 


37 


24 


37 


22 


32 


22 


33 


19 


29 




B 


37 


55 


32 


48 


32 


47 


28 


42 


28 


42 


25 


38 


#4 


A 


38 


56 


33 


50 


33 


49 


29 


43 


29 


44 


26 


38 




B 


49 


73 


43 


64 


42 


63 


37 


56 


38 


57 


33 


50 


#5 


A 


47 


70 


41 


62 


41 


61 


36 


54 


36 


54 


32 


48 




B 


61 


91 


54 


80 


53 


79 


47 


70 


47 


71 


42 


62 


#6 


A 


56 


84 


50 


74 


49 


73 


43 


64 


44 


65 


38 


58 




B 


73 


109 


64 


96 


63 


95 


56 


84 


57 


85 


50, 


75 


#7 


A 


82 


123 


72 


108 


71 


106 


63 


94 


63 


95 


56 


84 




B 


106 


159 


94 


140 


92 


138 


81 


122 


82 


123 


73 


109 


#8 


A 


93 


140 


82 


124 


81 


121 


71 


107 


72 


108 


64 


96 




B 


121 


182 


107 


161 


105 


158 


93 


139 


94 


141 


83, 


124 


#9 ! 


A 


105 


158 


93 


139 


91 


137 


81 


121 


82 


122 


72 


108 




B 


137 


205 


121 


181 


119 


178 


105 


157 


106 


159 


94 


140 




A 


119 


178 


105 


157 


103 


154 


91 


136 


92 


138 


81 


122 




B 


154 


231 


136 


204 


133 


200 


118 


177 


119 


179 


105 


158 


#11 


A 


132 


197 


116 


174 


114 


171 


101 


151 


102 


153 


90 


135 




B 


171 


256 


151 


226 


148 


222 


131 


196 


133 


199 


117 


175 


#14 


N/A 


158 


237 


139 


209 


137 


205 


121 


181 


122 


183 


108 


162 


#18 


N/A 


210 


316 


186 


278 


182 


273 


161 


241 


163 


244 


144 


216 



Notes: 

1 . Tabulated values are based on Grade 60 reinforcing bars and normal weight concrete, lengths are in inches. 

2. Tension development lengths and tension lap splice lengths are calculated per ACI 318-95, Sections 12.2.2 and 12.15, respectively. Tabulated values for beams or 
columns are based on transverse reinforcement and concrete cover meeting minimum Code requirements. 

3. Cases I and 2. which depend on the type of structural element, concrete cover, and the ccniei -to-center spacing of the bars, are defined as: 

Beams or Case 1 : Cover at least 1 .0 Ay and c-c spacing at least 2.0 Ay 

Columns: Case 2: Cover less than 1 .0 A ft or c.-c. spacing less than 2.0 Ay 

All Others: Case I Cover at least l.OAy and c.-c. spacing at least 3.0 Ay 

Case 2: Cover less than ».<) Ay or c.-c. spacing less than 3.0 Ay 

4. I jp splice lengths are multiples of tension development lengths; Class A = 1.0 0,y and Class B = 1.3 P rf (ACI 318-95, Section 12.15.1). 

5. ACI 318-95 docs not allow tension lap splices of # 14 or #18 bars. The tabulated values lor those bar sizes are the tension development lengths. 
G. Top bars arc horizontal bars with more than 12 in. of concrete cast below the bars. 

7. For lightweight aggregate concrete, multiply the tabulated values by 1 .3* * 

8. For epoxy-coated bars, if the bar cc. spacing i> at leas. 7.0 ,/,, and the- concrete cover ,s at least 3.0 Ay, then Case I lengths may be multiplied by 0.9IS ((,„• .op bars) or 
0.8 (for other bars). 
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SECTION 3— Methods of Splicing 



TABLE 2 (CONT.) TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(ACI 318, Inch-Pound Va/ues) , 



Lengths (in.) per Concrete Strength (psi) 







600 


0 psi 


7000 psi 


8000 psi 


Bar 


Lap 


Top 


Bars 


Other 


' Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


oize 


Class 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3 


A 


20 


30 


18 


26 


19 


28 


16 


25 


17 


26 


15 


23 




o 


26 


39 


23 


34 


24 


36 


21 


32 


23 


34 


20 


30 


#4 


A 


27 


40 


24 


35 


25 


37 


22 


33 


23 


35 


20 


30 




D 

D 


35 


52 


31 


46 


32 


48 


28 


42 


30 


45 


26 


40 




A 

A 


33 


50 


29 


44 


31 


46 


27 


41 


29 


43 


25 


38 




D 


43 


64 


38 


57 


40 


60 


35 


53 


37 


56 


33 


49 


#6 


A 


40 


60 


35 


53 


37 


55 


33 


49 


35 


52 


30 


46 




B 


52 


77 


46 


68 


48 


72 


42 


63 


45 


67 


40 


59 


#7 


A 


58 


87 


51 


77 


54 


80 


47 


71 


50 


75 


44 


66 




B 


75 


113 


66 


99 


70 


104 


61 


92 


65 


98 


58 


86 


#8 


A 


66 


99 


58 


87 


61 


92 


54 


81 


57 


86 


51 


76 




B 


86 


129 


76 


114 


80 


119 


70 


105 


74 


111 


66 


98 


#9 


A 


75 


112 


66 


99 


69 


103 


61 


91 


65 


97 


57 


85 




D 
O 


97 


145 


85 


128 


90 


134 


79 


119 


84 


126 


74 


111 


#10 


A 


84 


126 


74 


111 


78 


116 


69 


103 


73 


109 


64 


96 




B 


109 


163 


96 


144 


101 


151 


89 


133 


94 


142 


83 


125 


#11 


A 


93 


140 


82 


123 


86 


129 


76 


114 


81 


121 


71 


107 




B 


121 


181 


107 


160 


112 


168 


99 


148 


105 


157 


93 


139 


#14 


N/A 


112 


168 


99 


148 


103 


155 


91 


137 


97 


145 


85 


128 


#18 


N/A 


149 


223 


131 


197 


138 


207 


122 


182 


129 


193 


114 


171 



Notes: 



1 . Tabulated values are based on Grade 60 reinforcing bars and normal weight concrete. Lengths are in inches. 

2. Tension development lengths and tension lap splice lengths are calculated per ACI 3 1 8-95, Sections 12.2.2 and 1 2. 15, respectively Tabulau 
columns are based on transverse reinforcement and concrete cover meeting minimum Code requirements. 

S. Cases I and 2. which depend on the type of structural element, concrete cover, and the center-to-center spacing of the bars, are defined as: 



Beams or 
Columns: 



All Others: 



Case 1 : Cover at least 1 .0 d h and c.-c. spacing at least 2.0 d b 
Case 2: Cover less than 1 .0 d h or c.-c. spacing less than 2.0 d b 



Case I : Cover at least 1 .0 d h and c.-c. spacing at least 3.0 d h 
Case 2: Cover less than 1 .0 d ft or c.-c. spacing less than 3.() d h 

\ * 

4. l,ap splice lengths are multiples of tension development lengths; ("lass A = 1.0 ^ and Class R = l„SP rf (ACI 318-95. Section 12.15.1). 

5. ACI »| 8-93 does not allow tension lap splices of * N or » I 8 bars. The tabulated values for those bar si/.es are the tension development lengths. 
(>. Top bars are horizontal bars with more than 12 in. of concrete cast below the bars 

7. Kor lightweight aggregate concrete, multiply die tabulated values by 1.3. 

8. Kor epoxy-coated bars, if the bar c.-c. spacing is ai leas, 7.0 ,/,, ;,„<« ,h, concrete co,, is a, least 3.0 ,/,„ then Case I lengths may be hiphed bv 0.9.8 (lor top bars, < 

0.8 (lor other liars). 
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SECTION 3— Methods of Splicing 



TABLE 3— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR UNCOATED BARS 

(AASHTO, Inch-Pound Values) 



Lengths (in.) per Concrete Strength (psi) 







3500 psi 


4000 psi 


5000 psi 


Bar 


Lap 


Top 


Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


#3 


A 


12 


13 j 


12 


12 


12 


13 


12 


12 


12 


13 


12 


12 




B 


13 


17 


12 


12 


13 


17 


12 


12 


13 


17 


12 


12 




C 


17 


22 


13 


16 


17 


22 


13 


16 


17 


22 


13 


16 


#4 


A 


14 


17 


12 


12 


14 


17 


12 


12 


14 


17 


12 


12 




B 


18 


22 


13 


16 


18 


22 


13 


16 


18 


22 


13 


16 




C 


23 


29 


17 


21 


23 


29 


17 


21 


23 


29 


17 


21 


#5 


A 


17 


21 


12 


15 


17 


21 


12 


15 


17 


21 


12 


15 




B 


22 


28 


16 


20 


22 


28 


16 


20 


22 


28 


16 


20 




C 


29 


36 


21 


26 


29 


36 


21 


26 


29 


36 


21 


26 


#6 


A 


20 


25 


15 


18 


20 


25 


15 


18 


20 


25 


15 


18 




B 


27 


33 


19 


24 


27 


33 


19 


24 


27 


33 


19 | 


24 




C 


35 : 


43 


25 


31 


35 


43 


25 


31 


35 


43 


25 


31 


#7 


A 


28 


34 ■ 


20 


25 


26 


32 


19 


23 


24 


30 


17 


21 




B 


36 


45 


26 


32 


33 


42 


24 


30 


31 


39 


22 


28 




C 


47 


58 


33 


42 


44 


54 


31 


39 


40 


50 


29 


36 


#8 


A 


36 


45 


26 


32 


34 


42 


24 


30 


30 


38 


22 


27 




B 


47 


59 


34 


42 


44 


55 


31 


39 


39 


49 


28 


35 




C 


61 


77 


44 


55 


57 


72 


41 


51 


51 


64 


37 


46 


#9 


A 


46 


57 


33 


41 


43 


53 


31 


38 


38 


48 


27 


34 




B 


59 


74 


42 


53 


56 


69 


40 


50 


50 


62 


36 


44 




C 


78 


97 


55 


69 


73 


91 


52 


65 


65 


81 


46 


58 


#10 


A 


58 


72 


42 


52 


54 


68 


39 


48 


49 


61 


35 


43 




B 


75 


94 


54 


67 


70 


88 


50 


63 


63 


79 


45 


56 




C 


98 


123 


70 


88 


92 


115 


66 


82 


82 


103 


59 


74 


#11 


A 


71 


89 


51 


64 


67 


83 


48 


59 


60 


74 


43 


53 




B 


92 


115 


66 


83 


86 


108 


62 


77 


77 


97 


55 


69 




C 


121 


151 


86 


108 


113 


141 


81 


101 


101 


126 


72 


90 


#14 


N/A 


97 


121 


69 


87 


91 


113 


65 


81 


81 


101 


58 


72 


#18 


N/A 


125 


156 


90 


112 


117 


146 


84 


105 


105 


131 


75 


94 



Notes: 

I. Tabulated values are 
2 



based on Crade 00 reinforcing bars and normal weight concrete. Lengths are in inches. 
Tension development lengths and tension lap splice lengths arc calculated per the AASH TO Standard Specifications for Highway Bridges (Kith Edition. 1 996), Articles 
8 .*_>:> and 8.32. respectively, tabulated values for beams or columns are based on transverse reinforcement and concrete cover meeting minimum AASHTO require- 



3. Categories I and 2. which depend on side concrete cover, and the centcr-to-center spacing of the bars, are defined as: 
Category 1: Side cover at least 3 in. and c.-c. spacing at least f> in. 

Category 2: Side cover less than 3 in. or c.-c. spacing less than G in. 

4. \xp splice letigt Its are multiples of tension development lengths; Class 4 A = 1.0 ^ Class B = 1.3 ^ and Class C = 1.7 ^ (AASHTO. Article 8.32.3.1). 

5. The AASHTO Bridge Spe« ificanons do not allow tension lap splices of #14 or #18 bars. The tabulated values for those bar sizes are the tension development lengths. 
<i. Tip bars air horizontal bars with more than 12 in. of concrete cast Mow the bars. 

7. }"oi lightweight aggregate concsete. multiply the tabulated values by 1.33. 
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SECTION 3— Methods of Splicing 



TABLE 3 (CONT.) — TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR UNCOATED BARS 

(AASHTO, Inch-PoundjValues) ( 



Lengths (in.) per Concrete Strength (psi) 







6000 psi 


7000 psi 


8000 psi 


Bar 


Lap 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


#3 


A 


12 


13 


12 


12 


12 


13 


12 


12 


12 


13 


12 


12 




B 


13 


17 


12 


12 


13 


17 


12 


12 


13 


17 


12 


12 




C 


17 


22 


13 


16 


17 


22 


13 


16 


17 


22 


13 


16 


#4 


A 


14 


17 


12 


12 


14 


17 


12 


12 


14 


17 


12 


12 




B 


18 


22 


13 


16 


18 


22 


13 


16 


18 


22 


13 


16 




C 


23 


29 


17 


21 


23 


29 


17 


21 


23 


29 


17 


21 


#5 


A 


17 


21 


12 


15 


17 


21 


12 


15 


17 


21 


12 


15 ; 




B 


22 


28 


16 


20 


22 


28 


16 


20 


22 


28 


16 


20 




C 


29 


36 


21 


26 


29 


36 


21 


26 


29 


36 


21 


26 


#6 


A 


20 


25 


15 


18 


20 


25 


15 


18 


20 


25 


15 


18 




B 


27 


33 


19 


24 


27 


33 


19 


24 


27 


33 


19 


24 




C 


35 


43 


25 


31 


35 


43 


25 


31 


35 


43 


25 


31 


#7 


A 


24 


30 


17 


21 


24 


30 


17 


21 


24 


30 


17 


21 




B 


31 


39 


22 


28 


31 


39 


22 


28 


31 


39 


22 


28 




C 


40 


50 


29 


36 


40 


50 


29 


36 


40 


50 


29 


36 


#8 


A 


28 


35 


20 


25 


27 


34 


20 


24 


27 


34 


20 


24 




B 


36 


45 


26 


32 


35 


44 


25 


31 


35 


44 


25 


31 




C 


47 


59 


34 


42 


46 


57 


33 


41 


46 


57 


33 


41 


#9 


A 


35 


44 


25 


31 


32 


40 


23 


29 


31 


38 


22 


27 




B 


45 


57 


33 


41 


42 


53 


30 


38 


40 


50 


28 


35 




C 


59 


74 


42 


53 


55 


69 


39 


49 


52 


65 


37 


46 


#10 


A 


44 


55 


32 


40 


41 


51 


29 


37 


38 


48 


28 


34 




B 


58 


72 


41 


51 


53 


67 


38 


48 


50 


62 


36 


45 




C 


75 


94 


54 


67 


70 


87 


50 


62 


65 


81 


47 


58 


#11 


A 


54 


68 


39 


49 


50 


63 


36 


45 


47 


59 


34 


42 




B 


71 


88 


51 


63 


65 


82 


47 


58 


61 


76 


44 


55 




C 


92 


115 


66 


82 


86 


107 


61 


76 


80 


100 


57 


71 


#14 


N/A 


74 


92 


53 


66 


69 


86 


49 


61 


64 


80 


46 


57 


#18 


N/A 


96 


120 


68 


86 


89 


111 


63 


79 


83 


104 


59 


74 



Notes: 

1. Tabulated values arc based on Grade bO reinforcing bars and normal weight concrete. Lengths are iti incites. 

2. Tension development lengths and tension lap splice lengths are calculated per the .AASH TO Standard Specifications for Highway Bridges (loth Kduion, l*KHi). Artic les 
8.25 and 8.32. respectively. Tabulated values for beams or columns ate based, on transverse reinforcement and concrete cover meeting minimum AASHTO require - 
tuents. ' 

-V Categories I and '2. which depend on side concrete cover, and the- ccnict -to-CciHcr spacing of the bars, arc defined as: 

Category 1: Side cover at least :i m and c.-c. spac ing at least b in. 

Category 2: Side cover less than 3 in or c.-c. spacing less than b in. 

-I Lap splice lengths arc mulbphs of tension development lengths: Class A = \Aitj Class H = 13 P,, and Class C - 1.7 (.AASHTO. Article W.S2.S.I). 

a. I he AASHTO lirulge Sp< cibcnoiis do no. allou tension lap spines of *|-| <„ tf j X bars. I he tabulated values lor those bar si/esaie the tension de velopment lengths 

b. Ibp bars are hon/ontal bars *„|, „,„„. .It.,,, VI ol «<„,« , etc- cast below the- bars. 
7. for hgluweighl aggregate con, ,,-te. mulnph ■!,< t.,bnlai« d v alm s In I \\'\ 
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SECTION 3— Methods of Splicing 



TABLE 4— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(AASHTO, Inch-Pound Values) 



Lengths (in.) per Concrete Strength (psi) 







3500 psi 


4000 psi 


5000 psi i 


Bar 


Lap 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 






#3 


A 


13 


16 


12 


14 


13 


16 


12 


14 


13 


16 


12 


14 




B 


16 


20 


14 


18 


16 


20 


14 


18 


16 


20 


14 


1ft 




C 


21 


26 


19 


23 


21 


26 


19 


23 


21 


26 


1Q 


9^ 


#4 


A 


17 


21 


15 


18 


17 


21 


15 


18 


17 


21 


15 


18 




B ! 


22 


27 


19 


24 


22 


27 


19 


24 


22 


27 


1Q 

1 C7 


24 




C 


28 


35 


25 


31 


28 


35 


25 


31 


28 




9<S 


^1 


#5 


A 


21 


26 


18 


23 


21 


26 


18 


23 


21 


26 


18 


23 




B 


27 


33 


24 


30 


27 


33 


24 


30 


27 




94 






C 


35 


44 


31 


39 ' 


35 


44 


31 


39 


35 


44 


O 1 




#6 


A 


25 


31 


22 


27 


25 


31 


22 


27 


25 


31 


22 


27 




B 


32 


40 


28 


35 


32 


40 


28 


35 


32 


40 


28 






C 


42 


52 


37 j 


46 


42 


52 


37 


46 


42 


*o 


O f 


4fi 


#7 


A 


33 


42 


30 


37 


31 


39 


28 


34 


29 


36 


26 


32 




B 


43 


54 


38 | 


48 


41 


51 


36 


45 


37 


47 


oo . 


41 




C 


57 


71 


50 


62 


53 


66 


47 


58 


49 


61 


to 


*\4 


#8 


A 


44 


55 


39 


48 


41 


51 


36 


45 


37 


46 


32 


41 




B 


57 


71 


50 


63 


53 


67 


47 


59 


48 


60 


49 


JO 




C 


74 


93 


66 


82 


70 


87 


61 


77 


62 


78 


. 55 


69 


#9 


A 


55 


69 


49 


61 


52 


65 


46 


57 


46 


58 


41 


51 




B 


72 


90 


64 


79 


67 


84 


59 


74 


60 


75 


53 


66 




C 


94 


118 


83 


104 


88 


110 


78 


97 


79 


98 


70 


87 


#10 


A 


70 


88 


62 


78 


66 


82 


58 


73 


59 


74 


52 


65 




B 


91 


114 


81 


101 


86 


107 


75 


94 


77 


96 


68 


84 




C 


119 


149 


105 


132 


112 


140 


99 


123 


100 


125 


88 


110 


#11 


A 


86 


108 


76 


95 


81 


101 


71 


89 


72 


90 


64 


80 




B 


112 


140 


99 


124 


105 


131 


93 


116 


94 


117 


83 


104 




C 


147 


183 


129 


162 


137 


171 


121 


151 


123 


153 


108 


135 


#14 


N/A 


118 


147 


| 104 


130 


110 


137 


97 


121 


98 


123 


87 


108 


#18 


N/A 


152 


190 


134 


168 


142 


178 


126 


157 


127 


159 


112 


140 



Notes: 

1. Tabulated values are based on Grade 00 reinforcing bars and normal weight concrete. Lengths are in inches. 

2. Tension development lengths and tension lap splice lengths are calculated per the AASHTO Standard Specifications lor Highway Bridges (loth Kdition. 1 Wo). Articles 
8.25 and 8.32, respectively. Tabulated values lor beams or columns are based on transverse reinforcement and concrete cover meeting minimum AASHTO require- 
ments. 

3. Categories I and 2. which depend on side concrete cover, and the center-to-center spacing of the bars, are defined as: 
Category I: Side cover at least 3 in. and c.-c. spacing at least (» in. 

Category 2: Side cover less than 5 in. or c.-c. spacing less lhan f> in. 

4. I^ip splice lengths are multiples of tension development lengths; Class A = 1.0 Qj, Class 15 = 1.3 and Class C = 1.7 C /f (AASHTO. Article- .S.32.3.1). 

!i. I he AASH I O Bridge Specifications do not allow tension lap splices of # M or # IH bars. The tabulated values (or those bar si/es ate the tension development lengths. 

6. Top bars are horizontal bars with uum- than 12 in. of concrete cast l>clow the bars. 

7. For lightweight aggregate: concrtie. multiply the tabulated values by 1.33. 

8. k>r epoxy-coaied bars, if tin- bar c.-c. spacing is at lea* 7.0 <fy and Ate concrete cover is at least 3.0 <//,. then Category I lengths may be multiplied by U.1M7 (lor top bar- 
or 0.707 (for oilier bars). 
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SECTION 3— Methods of Splicing 



TABLE 4 (CONT.) — TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(AASHTO, Inch-Pound Values) 







Lengths (in.) per Concrete Strength (psi) 






600( 


) psi 


7000 psi 


8000 psi 


Bar 


Lap 


Top 


Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


p^t 1 


Pot o 

uai. z 


Cat. i 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


#3 


A 


I v5 


lb 


1Z 


-i A 

14 


13 


16 


12 


14 


13 


16 


12 


14 




B 


1 D 


ZU 


1/1 

14 




1o 


on 

20 


14 


18 


16 


20 


14 


18 




C 


91 


9« 
ZD 




oo 

zo 


21 


26 


19 


23 


21 


26 


19 


23 


#4 


A 




O^ 
Z 1 


ID 


18 


17 


21 


15 


18 


17 


21 


15 


18 




B 




OT 
Z/ 


1 Q 


OA 
Z4 


oo 
zz 


0"7 

zY 


4 o 
19 


24 


22 


27 


19 


24 




C 




oD 


ZD 


31 


28 


35 


25 


31 


28 


35 


25 


31 


#5 


A 




ZD 




oo 

23 


21 


26 


18 


23 


21 


26 


18 


23 




B 


97 


'JO 

oo 


OA 
Z4 


on 

OU 


0*7 

z7 


oo 

33 


24 


30 


27 


33 


24 


30 




C 




44 


31 


39 


35 


44 


31 


39 


35 


44 


31 


39 


#6 


A 


oc; 
ZO 


31 


oo 
zz 


27 


25 


31 


22 


27 


25 


31 


22 


27 




B 


OZ 


>tn 

4U 


OQ 
ZO 


oc 

35 


oo 

32 


40 


28 


35 


32 


40 


28 


35 




C 


>19 
HZ 


CO 

OZ 


37 


46 


42 


52 


37 


46 


42 


52 


37 


46 


#7 


A 


zy 


36 


26 


32 


29 


36 


26 


32 


29 


36 


26 


32 




B 




47 


33 


41 


37 


47 


33 


41 


37 


47 


33 


41 




c 




01 


43 


54 


49 


61 


43 


54 


49 


61 


43 


54 


#8 


A 


O A 

o4 


42 


30 


37 


33 


41 


29 


36 


33 


41 


29 


36 




B 


44 


54 


oo 
oo 


48 


43 


53 


38 


47 


43 


53 


38 


47 




C 




"74 
/I 


OU 


CO 

DO 


DO 


70 


49 


62 


56 


70 


49 


62 


#9 


A 


AO 

HZ 


Do 


37 


47 




AQ 


oo 


A1 
HO 


07 
Of 


AC 

4b 


33 


41 




B 


55 


69 


49 


61 


51 


64 


45 


56 


48 


60 


43 


53 




C 


72 


90 


64 


79 


67 


83 


59 


73 


63 


79 


56 


69 


#10 


A 


54 


67 


48 


59 


50 


62 


44 


55 


47 


58 


41 


51 




B 


70 


87 


62 


77 


65 


81 


57 


71 


61 


76 


53 


67 




C 


91 


114 


81 


101 


85 


106 


75 


93 


79 


99 


70 


87 


#11 


A 


66 


82 


58 


73 


61 


76 


54 


67 


57 


71 


51 


63 




B 


86 


107 


76 


95 


79 


99 


70 


88 


74 


93 


66 


82 




C 


112 


140 


99 


124 


104 


130 


92 


114 


97 


121 


86 


107 


#14 


N/A 


90 


112 


79 


99 


83 


104 


73 


92 


78 


97 


69 


86 


#18 


N/A 


116 


145 


103 


128 


108 


134 


95 


119 


101 


126 


89 


111 



Notes: 

I Tabulated values are based on Grade GO reinforcing bars and normal weight concreie. Lengths are in inches. 

2. Tension development lengths and tension lap splice lengths are calculated per the AASHTO Standard Specifications for Highway Bridges (1 6th Edition, 199G), Articles 
8. 2d and 8.32, respectively Tabulated values for beams or columns ate based on transverse reinforcement and concrete cover meeting minimum AASHTO require- 



ments. 



3. Categoi les 1 and 2, which depend on side concrete cover, and the ccnier-to-ccmei spacing of the bars, are defined as: 

Category 1: Side cover at least 3 in. and c.-i. spacing at least G in. 

Category 2: Side cover less than 3 in. or c.-c. spacing less than G in. 
A. Up splice lengths are multiples of tension development lengths; Class A = 1.0 P,,. Class R = 1.3 ^ and Class C = 1.7 Q d (AASHTO, Article 8.32.3.1). 
5. "The AASHTO Bridge Specif.cauom do not allow tension lap splices of #14 or * IS bars. The tabulated values Tor those bar sizes are the tension development lengths. 
G. lop bars are horizontal bais with more than 12 in <>l com rete cast below the bars. 

7. For lightweight aggregate com rete. multiply the tabulated values by 1.33. 

8. For epoxy-coated bars, if the bat c*. spacing is at leas. 7.0,/,, and the concrete cover is at least 3.0 dy. then Category I lengths tnav be multiplied by 0.947 (for top bars) 
or 0.767 (for other bars). 
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SECTION 3— Methods of Splicing 



TABLE 5— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR BARS IN WALLS AND SLABS 

(ACI 318, Inch-Pound Values) 



f± = 3000 psi 



Bar 
Size 


Lap 
Class 


Concrete Co 


ver = 0.75 in. 


Concrete Cover = 1.00 in. 


Concrete Cover = 1.50 in. 


Concrete Cover = 2.00 in. 


Uncc 


)ated 


Epoxy- 


Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


#3 


A 


13 


12 


17 


15 


13 


12 


17 


15 


13 


12 


16 


12 


13 


12 


16 


12 


B 


17 


16 


22 


20 


17 


16 


22 


20 


17 


16 


20 


16 


17 


16 


20 


16 


#4 


y\ 


22 


17 


28 


25 


17 


13 


23 


20 


17 


13 


21 


16 


17 


13 


21 


16 


B 


28 


22 


37 


32 


23 


17 


29 


26 


23 


17 


27 


21 


23 


17 


27 


21 


#5 


A 


32 


24 


41 


37 


26 


20 


34 


30 


22 


17 


28 


25 


22 


17 


26 


20 


R 


41 


32 


54 


47 


33 


26 


44 


38 


28 


22 


37 


32 


28 


22 


34 


26 


#6 


A 


43 


33 


56 


50 


35 


27 


46 


41 


26 


20 


34 


30 


26 


20 


34 


30 


R 


56 


43 


73 


64 


46 


35 


60 


53 


34 


26 


44 


39 


34 


26 


44 


39 


#7 


A 


69 


53 


90 


80 


57 


44 


75 


66 


43 


33 


55 


49 


38 


29 


" 49 


43 


R 


yu 


t>y 


117 


104 


74 


57 


97 


86 


55 


43 


72 


64 


49 


38 


64 


56 


#8 


A 


86 


66 


112 


99 


72 


55 


93 


82 


54 


41 


70 


62 


43 


33 


56 


50 


B 


111 


86 


146 


128 


93 


72 


121 


107 


70 


54 


91 


80 


56 


43 


73 


64 


#9 


A 


104 


80 


136 


120 


87 


67 


114 


101 


66 


51 


86 


76 


53 


41 


70 


61 


B 


135 


104 


176 


155 


113 


87 


148 


131 


86 


66 


112 


99 


69 


53 


90 


80 


#10 


A 


125 


96 


163 


144 


106 


81 


138 


122 


81 


62 


106 


93 


66 


51 


86 


76 


B 


162 


125 


212 


187 


137 


106 


179 


158 


105 


81 


137 


121 


85 


66 


111 


98 


#11 


A 


146 


113 


191 


169 


125 


96 


163 


144 


97 


74 


126 


111 


79 


61 


103 


91 


B 


190 


146 


248 


219 


162 


125 


212 


187 


125 


97 


164 


145 


102 


79 


134 


118 



Notes: 

1 labulaicd values arc based on Code <i<) reinforcing bars and normal weight concrete, lengths arc in inches. 

2. Tension development lengths and tension lap splice lengths arc calculated per ACI SI 8-95, Sections 12.2.3 and 12.15. respectively. 

3. lj»p splice Icngihs are multiples of tension development lengths; Class A = 1.0^ and Class H = 1.30^ (ACI 3 1 8-95, Section 12.15.1). 
1. Bar sizes # I 4 and # I 8 were intentionally omitted from litis table. * 

5. Top bars are horizontal bars with more ib:„, 12 in. of concrete cast below the bars. 

0. IW lightweight :iggrcg:nc con, icte. muliipK ih< labulatcd value* by I .?,. 
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SECTION 3— Methods of Splicing 



TABLE 6— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR BARS IN WALLS AND SLABS 

(ACI 318, Inch-Pound \alues) , 



=4000 psi 



Bar 
Size 


Lap 
Class 


Concrete Co 


ver = 0.75 in. 


Concrete Cover = 1.00 in. 


Concrete Cover = 1 .50 in. 


Concrete Cover = 2.00 in. 


Uncc 


>ated 


Epoxy- 


Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


#3 


A 


12 


12 


15 


13 


12 


12 


15 


13 


12 


12 


14 


12 


12 


12 


14 


12 


B 


16 


16 


19 


17 


16 


16 


19 


17 


16 


16 


18 


16 


16 


16 


18 


16 


#4 


A 


19 


15 


24 


22 


15 


12 


20 


17 


15 


12 


18 


14 


15 | 


12 


18 


14 


R 


24 


19 


32 


28 


20 


16 


25 


22 


20 


16 


23 


18 


20 


16 


23 


18 


#5 


A 


28 


21 


36 


32 


22 


17 


29 


26 


19 


15 


24 


22 


19 | 


15 


22 


17 


B 


36 


28 


47 


41 


29 


22 


38 


33 


24 


19 


32 


28 


24 


19 


29 


22 


#6 


A 


37 


29 


49 


43 


31 


24 


40 


35 


22 


17 


29 


26 


22 


17 


29 


26 


R 


48 


37 


63 


56 


40 


31 


52 


46 


29 


22 


38 


34 


29 


22 


38 


34 


#7 


A 


60 


46 


78 


69 


50 


38 


65 


57 


37 


28 


48 


42 


33 


25 


43 


38 


R 


78 


60 


102 


90 


64 


50 


84 


74 


48 


37 ! 


62 


55 


42 


33 


55 


49 


#8 


A 
r\ 


74 


57 


97 


86 


62 


48 


81 


71 


47 


36 


61 


54 


37 


29 


49 


43 


B 


96 


74 


126 


111 


80 


62 


105 


93 


60 


47 


79 


70 


48 


37 


63 


56 


#9 


A 


90 


69 


117 


104 


76 


58 


99 


87 


57 


44 


75 


66 


46 


36 


60 


53 


B 


117 


90 


153 


135 


98 


76 


128 


113 


74 


57 


97 


86 


60 


46 


78 


69 


#10 


A 


108 


83 


141 


125 


92 


70 


120 


106 


70 


54 


92 


81 


57 


44 


74 


66 


B 


140 


108 


183 


162 


119 


92 


155 


137 


91 


70 


119 


105 


74 


57 


97 


85 


#11 


A 


127 


98 


166 


146 


108 


83 


141 


125 


84 


64 


109 


97 


68 


53 


89 


79 


B 


165 


127 


215 


190 


141 


108 


184 


162 


109 


84 


142 


125 


89 


68 


116 


102 



Notes: 

t ' 

I . Tabulated values arc based on Crade (HI reinforcing bars and normal weight concrete. Lengths arc in inches. 

*2. Tension development lengths and tension I..,, splice lengths arc calculated per ACI MHHit. Sections 1 2/2.3 and 1*2.15. respectively. 

:V l^p splice lengths ate multiples ol tension development lengths: Class A = 1 .0 Q (} and Class B = 1.3 P,/ (ACI 318-ilfi. Section 12. !.•>.!). 

A. Bar sizes # 14 and # 18 were intentionally omitted from tins table. 

Top bars are horizontal bars with more than I '2 in ol concrete cast Mm- the bars, 
li. For lightweight aggregate minute, muhiph die tahulaied values hv I :i 
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SECTION 3— Methods of Splicing 



TABLE 7— TENSION DEVELOPMENT LENGTHS FOR UNCOATED BARS IN SEISMIC JOINTS 

(ACI 318, Inch-Pound Values) 



Bar 
i bize 


Lengths (in.) per Concrete Strength (psi) 


3000 psi 


4000 psi 


5000 psi 


6000 psi 


7000 psi 


8000 psi 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Ton 


Othpr 


#3 


22 


16 


21 


15 


21 


15 


21 


15 


21 


15 


21 


15 


#4 


30 


21 


26 


19 


23 


17 


21 


15 


21 


15 


21 


15 


#5 


37 


27 


32 


23 


29 


21 


26 


19 


24 


18 


23 


16 


#6 


45 


32 


39 


28 


35 


25 


32 


23 


29 


21 


27 


20 


#7 


52 


37 


45 


32 


40 


29 


37 


26 


34 


24 


32 


23 


#8 


59 


42 


51 


37 


46 


33 


42 


30 


39 


28 


36 


26 


#9 


67 


48 


58 


41 


52 


37 


47 


34 


44 


31 


41 


29 


#10 


75 


54 


65 


47 


58 


42 


53 


38 


49 


35 


46 


33 


#11 


83 


60 


72 


52 


65 


46 


59 


42 


55 


39 


51 


37 



Notes: 

1. Tabulated values arc based on Grade 60 reinforcing bars and norma! weight concrete. Lengths arc in inches. 

2. Tension development lengths are calculated per ACI 3 18-95. Section 21.5.4.2, where bar sizes are limited to #3 through # ! 1 . 

3. Top bars are horizontal bars with more than 12 in. of concrete cast below the bars. 




TABLE 8— TENSION DEVELOPMENT LENGTHS FOR EPOXY-COATED BARS IN SEISMIC JOINTS 

(ACI 318, Inch-Pound Values) 



Bar 
Size 


Lengths (in.) per Concrete Strength (psi) 


3000 psi 


4000 psi 


5000 psi 


6000 psi 


7000 psi 


8000 psi 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


#3 


27 


24 


26 


23 


26 


23 


26 


23 


26 


23 


26 


23 


#4 


36 


32 


31 


28 


28 


25 


26 


23 


26 


23 


26 


23 


#5 


45 


40 


39 


35 


35 


31 


32 


28 


30 


26 


28 


24 


#6 


54 


48 


47 


41 


42 


37 


38 


34 


35 


31 


33 


29 


#7 


63 


56 


55 


48 


49 


43 


45 


39 


41 


37 


39 


34 


#8 


72 


63 


62 


55 


56 


49 


51 


45 


47 


42 


44 


39 


#9 


81 


72 


70 


62 


63 


56 


57 


51 


53 


47 


50 


44 


#10 


91 


81 


79 


70 


71 


62 


65 


57 


60 


53 


56 


49 


#11 


101 


89 


88 


77 


79 


69 


72 


63 


66 


59 


62 


55 



1. Tabulated values ;nv based on Crude (id iriuf'oicin^ bars and normal weight concrete. Lengths arc in inches. 

2. Tension development lengths :nv calculated per ACI :i I «-'.».'». Section 2l.f>.1.2. where bar sizes are limited to #'S through #11. 

3. lop bars are horizontal bars with more than 12 in olVoiKien cast below Hie bars. 
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SECTION 3— Methods of Splicing 



TABLE 9— TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR UNCOATED BARS 

(ACI 318 and AASHTO, Inch-^ound Values) 



1 — > G I 
OIZ.C 


Length (in.) per Concrete Strength (psi) 


3000 psi 


3500 psi 


4000 psi 


5000 psi 


6000 psi 


7000 psi 


8000 psi 


#3 


9 


8 


7 


7 


6 


6 


6 


#4 

TT t 


11 


10 


10 


9 


8 


7 


7 


TTvJ 


14 


1 


\Z 


11 


10 


9 


9 


#6 


17 


16 


15 


13 


12 


11 


10 


#7 


19 


18 


17 


15 


14 


13 


12 


#8 


22 


21 


19 


17 


16 


15 


14 


#9 


25 


23 


22 


19 


18 


16 


15 


#10 


28 


26 


24 


22 


20 


19 


17 


#11 


31 


29 


27 


24 


22 


21 


19 


#14 


37 


35 


32 


29 


27 


25 


23 


#18 


50 


46 


43 


39 


35 


33 


31 



Notes: 

1 . Tabulated values are based on Grade 60 reinforcing bars and normal weight concrete. Lengths are in inches. 

2 ' y^rl° n A deV , el0 o P ^ em ICng(hS 0fsUndarci hooks are calculated per ACI 318-95, Section 12.5 and the AASHTO Bridge Specifications for Highway Bridges (16th Edition, 
iyyo), Article 8.29. 

3. For bar sizes #3 through # 1 1 only. 

a. If concrete cover conforms to ACI 318-95 (Section 12.5.3.3) or AASHTO (Article 8.29.3.2). then a modification factor of 0.7 may be apphed but the length must not 
be less than 8.0 nor 6 in. 6 

b. If hook is enclosed in ties or stirrups per ACI 318-95 (Section 12.5.3.3) or AASHTO (Article 8.29.3.3), then a modification factor of 0.8 may be applied but the length 
must not be less than 8.0 d b nor 6 in. vr 6 

4. For lightweight aggregate concrete, multiply the tabulated values by 1.3. 

TABLE 10— TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR UNCOATED BARS 

(ACI 318 and AASHTO, Inch-Pound Values) 



Bar 
Size 


Length (in.) per Concrete Strength (psi) 


3000 psi 


3500 psi 


4000 psi 


5000 psi 


6000 psi 


7000 psi 


8000 psi 


#3 


10 


9 


9 


L_ 8 


7 


7 


6 


#4 


13 


12 


12 


10 


10 


9 


8 


#5 


17 


16 


15 


13 


12 


11 


10 


#6 


20 


19 


17 


16 


14 


13 


12 


#7 


23 


22 


20 


18 


17 


15 


14 


#8 


27 


25 


23 


21 


19 


18 


16 


#9 


30 


28 


26 


23 


21 


20 


L 18 


#10 


34 


31 


29 


26 


24 


22 


21 


#11 


37 


35 


32 


29 


27 


25 


23 


#14 


45 


42 


39 


35 


32 


29 


28 


#18 


60 


55 


52 


46 


42 


39 


37 



Notes: 



I fabulatcd values arc based on Grade ttt) reinforcing bars and normal weight cornicle. Lengths are in inches. 

2. Icnsion development lengths of s.anda,d hooks are calculated „e, ACI 31S-<if.. Section I2.i» and .he AASII IX) Bridge Specifications lo, Highway BnuVcs (Kith Kdition. 
I \t\Ht), Article 8.29. 

S. lor bar sizes #3 through # 1 I onlv 

a. If concrete cove, conlorn.s ACI :<IS-«»f, (Won 12 V3.3) ... AASHTO (An.cle S?<l^|. then a modification facto, of 0.7 „ un Ik- applied but .he length ,.,.M no, 
be less than 8.0 no, (i in M s 

b. If hook is enclosed in ,ies or .sunups per ACI :t|S-!l-, (Se«,i.«, I L'.YH.:*) „, A AS 1 1 TO (Armlc S.^.;i.;». ,heu a ,„odilHaiio„ la«,o, ol 0.8 n.av he applied but the Ic.umI. 
intist not be less th;ut S (t//^ imr ('» in 

I l oi lii^lm^ i^ln aj>t;ici;aic m.iki. u . timltmb lite lahulau d i aloes h\ I :'. 
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SECTION 3— Methods of Splicing 



TABLE 11— TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR 
UNCOATED BARS IN SEISMIC JOINTS 
(ACI 318, Inch-Pound Values) 



Bar 


Lengths (in.) per Concrete Strengths (psi) 


Size 


3000 psi 


4000 psi 


5000 psi 


6000 psi 


7000 psi 


8000 psi 


fro 


7 


6 


6 


6 


6 


6 


#4 


Q 


Q 
O 


7 
/ 


b 


6 


6 


#5 ! 


11 


9 


8 


8 


7 


7 


#6 


13 


11 


10 


9 


9 


8 


#7 


15 


13 


12 


11 


10 


9 


1 #8 


17 


15 


13 


12 


11 


11 


#9 


19 


17 


15 


14 


13 


12 


#10 


22 


19 


17 


15 


14 


13 


#11 


24 


21 


19 


17 


16 


15 



Notes: 



1. Tabulated values are based on Grade 60 reinforcing bars and normal weight concrete. I^engths are in inches 

2. Tension development lengths of standard hooks are calculated per ACI 318-95, Section 21.5.4.1, where bar sizes are limited to #3 through #11 



TABLE 12— TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR 
EPOXY-COATED BARS IN SEISMIC JOINTS 
(ACI 318, Inch-Pound Values) 



Bar 

Size 


Lengths (in.) per Concrete Strengths (psi) 


3000 psi 


4000 psi 


5000 psi 


6000 psi 


7000 psi 


8000 psi 


#3 


8 


8 j 


8 


8 


8 


8 


#4 


10 


9 


8 


8 


8 


8 


#5 


13 


11 


10 


9 


9 


8 


#6 


15 


13 


12 


11 


10 


10 


#7 


18 


16 


14 


13 


12 


11 


#8 


21 


18 


16 


15 


14 


13 i 


#9 


23 


20 


18 


16 


15 


14 


#10 


26 


23 


20 


18 


17 


16 


#11 


29 


25 


22 


20 


19 


18 



• 



Notes: 

1 . Tabula led vali 

2. Tension development 



• based on (^r:ul<- <>0 ivinloiviiu; har> and normal weight coiKTcie. (.cngihs an* in indiev 

" i»v;diN 111'm.iimI.ihI I U ;nr«.tl< nl.iied per ACI SIH-Uri. S<<i«mi '2l.!i.4.l. wh<-ie bar sizes are limited u , #\\ ihinn^li #11. 



19 



SECTION 3— Methods of Splicing 



TABLE 13— COMPRESSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR 
UNCOATED AND EPOXY-COATED BARS 
(ACI 318 and AASHTO, Inch-P&und Values) 



Bar 


Compression Length (in.) per Concrete Strength (psi) 


Lap 


Size 


3000 psi 


3500 psi 


4000 psi 


5000 psi 


6000 psi 


7000 Dsi 


8000 r><\ 


Splice 


#3 


9 


8 


8 


8 


8 


8 




12 


#4 


11 


10 


10 


9 


9 


9 


9 


15 


#5 


14 


13 


12 


12 


12 


12 


12 

1 L— 


19 


#6 


17 


16 


15 


14 


14 


14 


14 


23 


#7 


19 


18 


17 


16 


16 


16 


16 


27 


#8 


22 


21 


19 


18 


18 


18 


18 


30 


#9 


25 


23 


22 


21 


21 


21 


21 


34 


j #10 


28 


26 


24 


23 


23 


23 


23 


38 


#11 


31 


29 


27 


26 


26 


26 


26 


43 


#14 


37 


35 


32 


31 


31 


31 


31 


N/A 


#18 


50 


46 


43 


41 \ 


41 


41 


41 


N/A 



Notes: 

I Tabulated values are based tin Grade 00 reinforcing bars and normal weight concrete. Lengths are in inches. 

2. Compression development length are calculated per ACI 318-05. Section 12.3, and AASHTO Standard Specifications for Highway Bridges ( 1 0th Kdition, 19%), Article 
8.26. Compression lap splice lengths ate calculated per ACI 318-95, Section 12.16, and AASHTO Standard Specifications for Highway Bridges (16th Kdition, 1090), 
Article 8.32.4. 5.6* 

3. for compression development lengths, if hat s are enclosed in spirals or ties per ACI 318-95. Section 12.3.3.2. or AASHTO. Article 8.26.2 .2. then a modification facto, 
of 0.75 may be applied but the length must not be less than 8 Mi. 

\. for compression lap splice lengths 

a. If bars are enclosed in a tied compression member per ACI 318-95, Section 12.17.2.4. or AASHTO. Ankle 8.32.4.1, then a modification factor of 0.83 may be 
applied but the length must not he less than 12 in. 

b. If bars are enclosed in a spirall) -reinforced compression member per ACI 318-95. Six i ion 12.172.5, or AASHTO. Article 8.32.4. 1 . then a modification factor of 0.75 
may be applied but the length most not he less than 12 in. 

5 ACI 3I8-9"i .nid AASHTO do nut .illou compulsion lap spines of 0 M ;m<l ti 1 8 bats, exupi milt .md miuIIo bars 
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SECTION 3— Methods of Splicing 



TABLE 14— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR DEFORMED WIRE 
fc = 4000 psi (ACI 318, Inch-Pound Values) 



Wire 


Development Length (in.) 


Lap Splice Length, in. (Class B) 


Size 


Top 


Other 


Top 


Other 


D-1 


12 


12 


16 


1fi 


D-2 


12 


12 


16 


16 


D-3 


12 


12 


16 


1fi 


D-4 


14 


12 


18 


1fi 


D-5 


16 


12 


20 


16 


D-6 


17 


13 


22 


17 


D-7 


18 


14 


24 


18 


D-8 


20 


15 


26 


20 


D-9 


21 


16 


27 


21 


D-10 


22 


17 


29 


22 


D-11 


23 


18 


30 


23 


D-1 2 


24 


19 


31 


24 


D-1 3 


25 


19 


33 


9^ ! 


D-1 4 


26 


20 


34 


26 


D-1 5 


27 


21 


35 


27 ! 


D-1 6 


28 


21 


36 


2ft 


D-17 j 


29 


22 


37 


29 


D-18 


30 


23 


38 




D-1 9 


30 


23 


39 




D-20 


31 


24 


40 


31 


D-21 


32 


25 


41 




D-22 


33 


25 


42 




D-23 


33 


26 


43 


33 


D-24 


34 


26 


44 


Id 

OH- 


D-25 


35 


27 


45 


35 • ; 


D-26 


35 


27 


46 


35 


D-27 


36 


28 


47 


36 


D-28 


37 


28 


48 


! 37 


D-29 


37 


29 


49 


37 


D-30 


38 


29 


50 


38 


D-31 


39 


30 


50 


39 


D-45 


47 


36 


61 


47 



No(es: 

l labuland values are based on a minimum yield suvngth of 75.000 psi and 4,000 psi normal wcigln concrete. Lengths 
in inches. "~ 



'2. Tension development K-iit>ifis ;im<I tension lap splice lengdis arc rain ila led per ACI 318-Wi. Sections 12.2/2 an<l \'>.l~). 
IVS|>eCtively. 

l*\> spine lengths are multiples ol/iensioii dcvcV>pineni lengths: Class A = 1.0 and Class B = 1 .3 C rf (ACI 3IH-<);i. 
Section I "J. 15. 1 ). Class B was assumed lor the lahles. 

■1. lop wires air lioii/.onial wires with untie than I '1 in. nl 'oiiH'uir ca>t hel<iw the wiu >. 
For lightweight aggregate < om iei< . multiply the lahulaied values hv I.S. 
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SECTION 3— Methods of Splicing 



TABLE 15— TENSION DEVELOPMENT LENGTHS FOR DEFORMED WELDED WIRE FABRIC 

(ACI 318, Inch-Poiyid Values) 



£ = 4000 psi 



Wire 


For Top 


) WWF per Wire Spacing (in.) 


For Other WWF per Wire Spacing (in.) 


Size 


4 


6 


8 


12 


4 


6 


8 


12 


D-1 


4 


4 


4 


4 


4 


4 


4 


4 


D-2 


5 


5 | 


5 


5 


4 


4 


4 


4 


D-3 


6 


6 


6 


6 


4 


4 


4 


4 


D-4 


6 


6 


6 


6 


5 


5 


5 


5 


D-5 


7 


7 


7 


7 


6 


6 


6 


6 


D-6 


8 


8 


8 


8 


6 


6 


6 


6 


D-7 


9 


9 


9 


9 


7 


7 


7 


7 


D-8 


9 


9 


9 


9 


7 


7 


7 


7 


D-9 


10 


10 


10 


10 


7 


7 


7 


7 


D-10 


10 


10 


10 


10 


8 


8 


8 


8 


D-11 


11 


11 


11 


11 


8 


8 


8 


8 


D-1 2 


11 


11 


11 


11 


9 


9 


9 


9 


D-1 3 


12 


12 


12 


12 


9 


9 


9 


9 


D-1 4 


13 


12 


12 


12 


10 


9 


9 


9 


D-1 5 


14 


13 


13 


13 


11 


10 


10 


10 


D-1 6 


15 


13 


13 


13 


11 


10 


10 


10 


D-1 7 


16 


13 


13 


13 


12 


10 


10 


10 


D-1 8 


16 


14 


14 


14 


13 


11 


11 


11 


D-1 9 


17 


14 


14 


14 


13 


11 


11 


11 


D-20 


18 


15 


15 


15 


14 


11 


11 


11 


D-21 


19 


15 


15 


15 


15 


11 


11 


11 


D-22 


20 


15 


15 


15 


16 


12 


12 


1? 


D-23 


21 


16 


16 


16 


16 


12 


12 


12 


D-24 


22 


16 


16 


16 


17 


12 


12 


12 


D-25 


23 


16 


16 


16 


18 


12 


12 


12 


D-26 


24 


17 


17 


17 


18 


13 


13 


13 


D-27 


25 


17 


17 


17 


19 


13 


13 


13 


D-28 


26 


17 


17 


17 


20 


13 


13 


13 


D-29 


27 


18 


17 


17 


20 


14 


13 


13 


D-30 


27 


18 


18 


18 


21 


14 


14 


14 


D-31 


28 


19 


18 


18 


22 


15 


14 


14 


D-45 


41 


27 


, 22 1 


22 


32 


21 


17 


17 



Notes: 



' T ' ,, »' i: "*< l :"-c fcixd on minimum yield strength nl 70.000 ,>s. ;m<l 4.000 ,,s. nonmil iveij-ht concrete, lengths ;tie in inches. 

- Tension development lengths ;nc i;iloil;ited per ACI :ilX-9">. Section V2.7. 

:< lop WWI-" is hoii/oiu.il WWF with more tlun !«_> in. <>l <oti<ieic i.im hclow the WW W 

I. Km lij;liiut-i|>lii .i^^ic.t'JHMoiHii-tc. imilitplx ilu- t.itMil.iK*! \aiius In 
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SECTION 3— Methods of Splicing 



TABLE 16— TENSION LAP SPLICE LENGTHS FOR DEFORMED WELDED WIRE FABRIC 

(ACI 318, Inch-Pound Values) 

f± = 4000 psi 



Wire 


For Top WWF per Wire Spacing (in.) 


For Other WWF per Wire Spacing (in.) 


Size 


4 


6 


8 


12 


4 


6 


8 


12 


D-1 


8 


8 


8 


8 


8 


8 


8 


8 


D-2 


8 


8 


8 


8 


8 


8 


8 


8 


D-3 


8 


8 


8 


8 


8 


8 


8 


8 


D-4 


8 


8 


8 


8 


8 


8 


8 


8 


D-5 


9 


9 


9 


9 


8 


8 


8 


8 


D-6 


10 


10 


10 


10 


8 


8 


8 


8 


D-7 


11 


11 


11 


11 


9 


9 


9 


9 


D-8 


12 


12 


12 


12 


9 


9 


9 


9 


D-9 


13 


13 


13 


13 


10 


10 


10 


10 


D-10 


13 


13 


13 


13 


10 


10 


10 


1 o 


D-11 


14 


14 


14 


14 


11 


11 


11 


11 


D-1 2 


15 


15 


15 


15 


11 


11 


11 


11 


D-1 3 


15 


15 


15 


15 


12 


12 


12 


12 . 


D-14 


17 


16 


16 


16 


13 


12 


12 


12 


D-1 5 


18 


16 


16 


16 


14 


13 


13 


13 


D-1 6 


19 


17 


17 


17 


15 


13 


13 


13 


D-1 7 


20 


17 


17 


17 


16 


13 


13 


13 


D-1 8 


21 


18 


18 


18 


16 


14 


14 


14 


D-1 9 


23 


18 


18 


18 


17 


14 


14 


14 


D-20 


24 


19 


19 


19 


18 


15 


15 


15 


D-21 


25 


19 


19 


19 


19 


15 


15 


15 


D-22 


26 


20 


20 


20 


20 


15 


15 


15 


D-23 


27 


20 


20 


20 


21 


16 


16 


16 


D-24 


29 


21 


21 


21 


22 


16 


16 


16 


D-25 


30 


21 


21 


21 


23 


16 


16 


16 


D-26 


31 


22 


22 


22 


24 


17 


17 


17 


D-27 


32 


22 


22 


22 


25 


17 


17 


17 


D-28 


33 


22 


22 


22 


26 


17 


17 


17 


D-29 


35 


23 


23 


23 


27 


18 


17 


17 


D-30 


36 


24 


23 


23 


27 


18 


18 


18 


D-31 


37 


25 


24 


24 


28 


19 


18 


18 


D-45 


54 


36 


28 


28 


41 


27 


22 


22 



Notes: 

1. 'I;tl>uhtte<l v;ilu<-s :nv I>:im*H on a minimum yu'M \iivni;0i nf 70.000 |>si ami -1.000 j»i ixirnml w*eij;ln mm ivte. LeugiliN are 
in iiK'tics. 

'2. Tension lap splice U-iigilis are (aloilau<l \ny ACI 31.S-!lii. Section IX. 

:V Top \V\\T is liori/onial \V\VI- with minx- than It? in. uI'miH Tele e;tM Im-Iow ili<- WW'K 

I. I'm- lii>liuv< i^ln :i^ivn;n< <oiin< ic, multiply i li<- i:iIhiI;u< <I vmIm. n hy 1 .3. 
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SECTION 3— Methods of Splicing 



TABLE 17— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR PLAIN WELDED WIRE FABRIC 
^ = 4000 psi (ACI 318, Inch-Pound Values) , 



Wire 


Wire 


Developme 


nt Length (in.) per Cross Wire Spacing (in.) 


Lap Splice Length (in.) per Cross Wire Spacing (in.) 




4 


6 


8 


12 


4 


6 ! 


8 


12 


WO. 5 


4 


6 


6 


6 


6 


6 


8 


10 


14 


to 


6 


6 


6 


6 


6 


6 


8 


10 


14 


W5.5 


12 


6 


6 


6 


6 


6 


8 


10 


14 


W6 


4 


6 


6 


6 


6 


6 


8 


10 


14 




6 


6 


6 


6 


6 


6 


8 


10 


14 




12 


6 


6 


6 


6 


6 


8 


10 


14 


W8 


4 


6 


6 


6 


6 


8 


8 


10 


14 




6 


6 


6 


6 


6 


6 


8 


10 


14 




12 


6 


6 


6 


6 


6 


8 


10 


14 


W10 


4 


7 


7 


7 


7 


10 


10 


10 


14 




6 


6 


6 


6 


6 


7 


8 


10 


14 




12 


6 


6 


6 


6 


6 


8 


10 


14 


W12 


4 


8 


8 


8 


8 


12 


12 


12 


14 




6 


6 


6 


6 


6 


8 


8 


10 


14 




12 


6 


6 


6 


6 


6 i 


8 


10 


14 


W14 


4 


10 


10 


10 


10 


15 ; 


15 


15 


15 




6 


6 


6 


6 


6 


10 


10 


10 


14 




12 


6 


6 


6 


6 


6 ! 


8 


10 


14 


W16 


4 


11 


11 


11 


11 


17 


17 ! 


17 


17 




6 


7 


7 


7 


7 


11 


11 


11 


14 




12 


6 


6 


6 


6 


6 


8 


10 


14 


W18 


4 


12 


12 


12 


12 


19 


19 


19 


19 




6 


8 


8 


8 


8 


12 


12 


12 


14 




12 


6 


6 


6 


6 


6 


8 


10 


14 


W20 


4 


14 


14 


14 


14 


21 


21 


21 


21 




6 


9 




9 


9 


14 


14 


14 


14 




12 


6 


6 


6 


6 


7 


8 


10 


14 


W22 


4 


15 


15 


15 


15 


23 


23 


23 


23 




6 


10 


10 


10 


10 


15 


15 


15 


15 




12 


6 


6 


6 


6 


8 


8 


10 


14 


W24 


4 


17 


17 


17 


17 


25 


25 


25 


25 




6 


11 


11 


11 


11 


17 


17 


17 


17 




12 


6 


6 


6 


6 


8 


8 


10 


14 


W26 


4 


18 


18 


18 


18 


27 


27 


27 


27 




6 


12 


12 


12 


12 


18 


18 


18 


18 




12 


6 


6 


6 


6 


9 


9 


10 


14 


W28 


4 


19 


19 


19 


19 


29 


29 


29 


29 




6 


13 


13 


13 


13 


19 


19 


19 


19 




12 


6 


6 


6 


6 


10 


10 


10 


14 


W30 


4 


21 


21 


21 


21 


31 


31 


31 


31 




6 


14 


14 


14 


14 


21 


21 


21 


21 




12 


7 


7 


7 


7 


10 


10 


10 


14 


W31 


4 


22 


22 


22 


22 


32 


32 


32 


32 




6 


14 


14 


14 


14 


22 


22 


22 


22 




12 


7 


7 


7 


7 


11 


11 


11 


14 


W45 


4 


31 


31 


31 


31 


47 


47 


47 


47 




6 


21 


21 


21 


21 


31 


31 


31 


31 




12 


10 


10 


10 


10 


16 


16 


16 


16 



Notes: 



I Tabulated values arc based on a minimum yield strength olTiG.OOO psi (smaller than size U l.'i) or tifi.000 psi (size \VI :> and larger) ami 4.000 psi normal weight 
concrete. Lengths are in im I iev 

2. Tciimoii development lengths ami u-iim«iii Up S p| Kt . lengths .ire <al<ulaied pei ACI SIS <>... Sa is 1 2.K ami 1211). icspcaiv-ck. 

:l In Hie Lip spine lengths. ;uc,i <»l m«<| pioN l( |< <l w.is .isstnned «> lx |<ss ih.m n^<<- di. .ne.i ..! m< < l i< <juur(l (ACI I ,X-V. r .. Setlion !*_' I«.t I ). 
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SECTION 3— Methods of Splicing 



TABLE 18 — TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR UNCOATED BARS 

(ACI 318M, Metric Values) 



• 







Lengths (mm) per Concrete Strength (MPa) 






21 MPa 


28 MPa 


35 MPa 


Bar 


Lap 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Case 1 






V-/dSG Z 


v^ase i 


oase c 


uase i 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#10 


A 


550 


820 






470 


710 


ODU 


OOU 


a on 


con 
boU 


ooU 


A OA 

490 




B 


710 


10fiO 


oou 


R90 


D I u 


Q90 

yzu 






ODU 


820 


420 


630 


#13 


A 


730 


1090 




A40 




Q^O 


4Q0 


7^n 


Of U 


OOU 


44U 


OOU 




B 




id.?n 


1 ou 


1OQ0 


P90 


io^n 




QCA 

you 


( Sv 


1100 


570 


850 


#16 


A 


910 


1370 




10*^0 


7Q0 


11ft0 


fi1 0 


Q1 n 
y i u 


/ 1 U 


i ncn 
1UDU 


54U 


oon 

ozU 




B 


1190 


1780 


Qin 


1T70 


lUOU 




/yu 


\ -i on 


y^U 


1380 


710 


1060 


#19 


A 


1100 


1640 


R40 


19R0 


Q^O 

C7JU 


1490 


7^0 


1 nan 


oOU 


iZf U 


OOU 


9o0 




B 


1 HSAJ 




noo 

11UU 


1D4U 


•loin 


a ocn 


you 


a iion 

14z0 


1100 


1650 


850 


1270 


#22 


A 


1SQ0 


9*Wl 


1990 


IojU 


tOOU 




IUOU 


loyu 




looO 


950 


1420 




B 


2070 


3100 


1590 




17Q0 


9fift0 


1?R0 

IOOU 


90R0 
^UDU 


iRnn 


Z4UU 


IZoU 


a ocri 
loOU 


#25 


A 


1820 


2730 


1400 


2100 


1580 


2360 


1210 


1820 


1410 


2110 


10ft0 


1fi^O 
1 uou 




B 


2360 


3540 


1820 


2730 


2050 


3070 


1580 


2360 


1830 


2750 


1410 


2110 


#29 


A 


2050 


3080 


1580 


2370 


1780 


2670 


1370 


2050 


1590 


2390 


1230 


1840 




B 


2670 


4000 


2050 


3080 


2310 


3470 


1780 


2670 


2070 


3100 


1590 


2390 


#32 


A 


2310 


3470 


1780 


2670 


2000 


3000 


1540 


2310 


1790 


2690 


1380 


2070 




B 


3000 


4510 


2310 


3470 


2600 


3900 


2000 


3000 


2330 


3490 


1790 


2690 


#36 


A 


2560 


3840 


1970 


2960 


2220 


3330 


1710 


2560 


1990 


2980 


1530 


2290 




B 


3330 


4990 


2560 


3840 


2880 


4320 


2220 


3330 


2580 


3870 


1990 


2980 


#43 


N/A 


3080 


4610 


2370 


3550 


2670 


4000 


2050 


3070 


2380 


3570 


1830 


2750 j 


#57 


N/A 


4100 


6150 


3150 


4730 


3550 


5320 


2730 


4100 


3180 


4760 


2440 


3660 I 



Notes: 

1. tabulated values; arc based on Grade 420 reinforcing bars and normal density Com tek-. Lengths are it) millimeters. 

2. Tension development lengths and tension lap splice lengths are calculated per AO 3 ISM - 9a. Sections 12/2.2 and 12. 1 j. respectively. Tabulated values lor beams or 
columns are based on transverse reinforcement and concrete covin meeting minimum Code requirements. 

3. Cases I and 2. which depend on the type of structural element, concrete cover, and the ccnter-to<cnter spacing of the bars, are defined as: 

Beams or Case I: Cover at least l.Od^ and c.-c. spacing at least 2.0 dy 

Columns: Case 2: Cover less than 1.0 d^ or c.-c. spacing less than 2.0 d/ f 

All Others: Case I : Covet at least 1 .0 dj f and c.-c. spacing at least 3.0 d^ 

Case 2: ('over less than 1.0 d^ or c.-c. spacing less than 3.0 d^ 

• 4. Ijip splice lengths are multiples of tension development lengths: Class A = 1.0 Pd and Class II ~ 1.3 Pd (ACI 3 1 MM -0f>, Section I2.l!i.l). 

5. ACI 3IHM-9r> does not allow tension lap splices of #43 oi7#f>7 bars. I"ne tabulated values for those bar sizes are the tension development lengths. 

G. Top bars are horizontal bats with more than 300 mm of concrete cast Im-Iow the bars. 

7. Kor lightweight aggregate concrete, multiply the tabulated values by 1.3. 
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SECTION 3— Methods of Splicing 



TABLE 18 (CONT.)-TENSION DEVELOPMENT AND LAP SPLICE LENGTHS 



(ACI 31 8M, Metric Values) 



FOR UNCOATED BARS 




Beams or 
Columns: 



Notes: 

.. labulau-d values a,c based .,„ (,a dc 42 0 ,,„„„,„,, b;(ls Mul ^ 

-'. lcns 1 <, 11 dcv e |opn, c „ l k, lg ,h Si .„, l ,c„ s i„„ lap splice le.,g,hs arc calculated per -VO S I XM s . ' 

, : " s ; "; < — «-"™« - ~c„, T ™ ■* -^^c-Lu • ;r„™ r 2 ; " L l:V r,s,KC,iv<l - ,; " > " ,;,,c " "" b ™" s 

' <k,K "" * • " ~" "™ «„,, and d,e c,,,,!,.,,,,. spa, i„ 8 „' d.e „a,s. a, d,„,, a, 

C«se I: Coverai leas, 1 .0 ,/,, a „d c.-c. spacing a. |« w «_> .o 
Cas<- 'i: Cvr. less iImii 1 .() ,/ /y or ( .-< . s,,a<i„ g |<-ss than 2.0 rf/, 

A " ° lhCrS: ^ C — - >•« ''/, and c t . >|taoiitj a, leas, A ,1, 

< as<- '2; C«.vn lesMhati I 0 //,, or < .-<. spacing U-ss Hun :U) '</,, 

■I- splue lengch, are .nnhip.es ul ,e„s,o„ develop, km, !en„hs; Class ,V = , ,, P( , and ( ; bsN B = , , P(| , 

* ■:>.> — • — * ». e' ,i ,<,« 11 ^'i*^^ u 1 - - «~ « < , —<- 

' r,u l. R |,iuf. R |H aj-.e.u.ue (o.uieie. muh.plv the L.bula.ed v.ilues l>x J 
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SECTION 3— Methods of Splicing 



TABLE 19— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(ACI 31 8M, Metric Values) 







Lengths (mm) per Concrete Strength (MPa) 






21 f 


vlPa 


28 MPa 


35 MPa 


Bar 


Lap 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


v^ase i 


case z 


uase i 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#10 


A 


71 n 




DoU 


c\a a 

y4u 


CO A 


930 


550 


820 


550 


830 


490 


730 




B 


you 


i oyu 


qoa 


1230 


800 


1200 


710 


1060 


720 


1080 


630 


950 


#13 


A I 


jju 


1 4oU 


p. An 
o4u 


IzbU 


ooU 


a oa a 
1240 


730 


1090 


740 


1110 


650 


980 




B 




A. QCfl 

lobU 


^ Ann 

luyo 


1640 


1070 


1610 


950 


1420 


960 


1440 


850 


1270 


#16 


A 


1 1 yu 


i f yu 


a aca 
1UOU 


a con 

IooO 


1030 


1550 


910 


1370 


920 


1380 


820 


1220 




B 


1 C*KC\ 


zozU 


lofiJ 


2050 


1340 


2010 


1180 


1770 


1200 


1800 


1060 


1590 


#19 


A 


AA1C\ 
I40U 




izbU 


1890 


1240 


1860 


1090 


1640 


1110 


1660 


980 


1470 




B 


lobU 


2790 


1640 


2460 


1610 


2420 


1420 


2130 


1440 


2160 


1270 


1910 


#22 


A 


ZuoU 


O IZU 


A OOrt 


2750 


1800 


2700 


1590 


2380 


1610 


2410 


1420 


2130 




B 


z/uu 


4UOU 




3570 


2340 


3510 


2060 


3100 


2090 


3140 


1850 


2770 


#25 


A 


2380 


3560 


2100 


3150 






1890 
lOZU 




1 ft/in 


z/bll 


4 co a 

IboU 


O A A A 

Z440 




B 


3090 


4630 


2730 


4090 


2680 


4010 


2360 


3540 


2390 


3590 


2110 


3170 


#29 


A 


2690 


4030 


2370 


3550 


2330 


3490 


2050 


3080 


2080 


3120 


1840 


2750 




B 


3490 


5230 


3080 


4620 


3020 


4530 


2670 


4000 


2700 


4060 


2390 


3580 


#32 


A 


3020 


4530 


2670 


4000 


2620 


3930 


2310 


3460 


2340 


3510 


2070 


3100 




B 


3930 


5890 


3470 


5200 


3400 


5100 


3000 


4500 


3040 


4560 


2690 


4030 


#36 


A 


3350 


5020 


2960 


4430 


2900 


4350 


2560 


3840 


2600 


3890 


2290 


3430 




B 


4350 


6530 


3840 


5760 


3770 


5650 


3330 


4990 


3370 


5060 


2980 


4460 


#43 


N/A 


4020 


6030 


3550 


5320 


3480 


5220 


3070 


4610 


3120 


4670 


2750 


4120 


#57 


N/A 


5360 


8040 


4730 


7090 


4640 


6960 


4100 


6140 


4150 


6230 


3660 


5490 



Notes: 

1 Tabulated values arc based on Grade 420 reinforcing bars and normal density concrete. Lengths are in millimeters. 

2. fcnsion development lengths and tension lap splice lengths are calculated per ACI 3 ISM-!)!). Sections 12.2.2 and I 2. 1 f>, respectively. Tabulated values lor beams or 
columns are based on transverse reinforcement and concrete cover meeting minimum Code requirements. 

3. Cases 1 and 2, winch depend on the type of structural element, concrete cover, and the centei -to-center spac ing of the bars, are defined as: 



Cover at least 1.0 df t and c.-c. spacing at least 2.0 tif t 
Cover less than 1.0///, or c.-c. spacing K ss than 2.0 H/ t 

('over at least 1.0///, and c.-c. spacing ai le;ist 3.0 
("over less than 1 .0 or c.-c. spac ing less than 3.0///, 

A. l-ap splice lengths are multiples of tension development lengths; Class A = 1.0 Q f/ :uul Cl;i» \\ = 1.3 (Ad 3 IKM-Wi. Section 12.1a. I). 

ACI 31HM-<»:*i does not allow tension lap splices of #A.\ or bars. The tabulated values for those bar sizes are die tension development lengths, 
b. lop bars are horizontal bars xvjih more than 300 mm of concrete cast below the bars. 
7. Kor lightweight aggregate- concrete, multiply the tabulated values by 1.3. 

H. Kor epoxy-coatccl bars, if the bar c.-c. spacing is at least 7.0 <i () and the- < on. rete cover in at least 3.0///,. then <; : , M . | lengths may be multiplied bv (MUX Our top bars) .,r 
0.8 <lor other bars). 



Beams or Case I : 

Columns: Case 2: 

All Others: Case 1: 

Case 2: 
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SECTION 3~Methods of Splicing 



TABLE 19 (CONT.)— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(ACl 318M, Metric: Values)/ 



Lengths (mm) per Concrete Strength (MPa) 







42 MPa 


49 MPa 


56 MPa 


Bar 


Lap 


Top 


Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


uase i 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#10 


A 


510 


760 


450 


670 


470 


700 


410 


620 


440 


660 


390 


580 




B 


bbU 


980 


580 


870 


610 


910 


540 


800 


570 


850 


500 


750 


#13 


A 


670 


1010 


600 


890 


620 


940 


550 


830 


580 


880 


520 


770 




B 


ooU 


1310 


770 


1160 


810 


1220 


720 


1070 


760 


1140 


670 


1000 


#16 


A 


840 


1260 


740 


1120 


780 


1170 


690 


1030 


730 


1100 


650 


970 




B 


■4 a r\r\ 


1640 


970 


1450 


1020 


1520 


900 


1340 


950 


1420 


840 


1260 


#19 


A 


1010 


1520 


890 


1340 


940 


1410 


830 


1240 


880 


1320 


770 


1160 




B 


1320 


1970 


1160 


1740 


1220 


1830 


1080 


1610 


1140 


1710 


1010 


1510 


#22 


A 


1470 


2200 


1300 


1950 


1360 


2040 


1200 


1800 


1270 


1910 


1120 


1690 




B 


1910 


2860 


1690 


2530 


1770 


2650 


1560 


2340 


1660 


2480 


1460 


2190 


#25 


A 


1680 


2520 


\HO\J 


noon 


■i can 


on 


1370 


2060 


1460 


2180 


1290 


1930 




B 




^9ftn 


1930 


2890 


2020 


3030 


1790 


2680 


1890 


2840 


1670 


2500 


#29 


A 


1900 


2850 


1680 


2510 


1760 


2640 


1550 


2330 


1650 


2470 


1450 


2180 




B 


2470 


3700 


2180 


3270 


2290 


3430 


2020 


3030 


2140 


3210 


1890 


2830 


#32 


A 


2140 


3210 


1890 


2830 


1980 


2970 


1750 


2620 


1850 


2780 


1630 


2450 




B 


2780 


4170 


2450 


3680 


2570 


3860 


2270 


3400 


2410 


3610 


2120 


3180 


#36 


A 


2370 


3550 


2090 


3140 


2190 


3290 


1940 


2900 


2050 


3080 


1810 


2720 




B 


3080 


4650 


2720 


4070 


2850 


4280 


2520 


3770 


2670 


4000 


2350 


3530 


#43 


N/A 


2850 


4270 


2510 


3770 


2630 


3950 


2320 


3490 


2460 


3700 


2180 


3260 


#57 


N/A 


3790 


5680 


3350 


5020 


3510 


5260 


3100 


4640 


3280 


4920 


2900 


4340 



Notes: 

I tabulated values are based on tirade -120 icinforcing bars and normal density concrete. Lengths are in millimeters. 

2. Tension development lengths and tension lap spine lengths are calculated per ACl S ISM -95. Sections 12.2.2 and 12.1a, aspect ivelv. Tabulated values for beams or 
columns are based on transverse reinlorceineni and concrete cover meeting minimum Code requirements. 

3. Cases I and 2. whit h depend on the ivpe of structural element, concrete cover, and the ccntcr-lo-cctitcr spacing of the bars, are defined as: 

Beams or ( last* I : ( .over ai least 1 .0 ti }t and c.-c. spacing ;,i least 2.0 <i h 

Columns: ( :ase 2: ( over less than I .() ,/ /; or c.-c. spacing less than 2.0 A h 

All Others: < iasc I < over at least I 0 d {l and c.-c. spacing at least 3.0 

Case 2: ( ovei less than 1 .0 or c.-tf. spacing less' than 3.0 tff t 

Lap splue lengths aie multiples <>l tension dcxelopmeni lengths; Class A = 1.0 P,/ and Class K = L3 f rf (ACl 31 XM-0. r >. Scum m 12. la. I). 

a. ACl 3LXM-0f» does not allow in, , lap sphics ol #.|3 <» #;,7 bars. The tabulated values lor those bar s./es arc the tension development lengths. 

(">. "lop bars are horizontal b:n s w u h more than 300 mm of tout reic cast below i he bars. 
7 Kor lightweight aggregate < oik iete. multiph the tabulated vali MS by 1 3 

X. Km epnxy-ioaud kuv .1 ihe U.» < spa< mg is a. leas. 7 0 and the ton* rele * over is at least 3 .0 il.eu Case I lengths mas I,,- muhiplied l» O.'.HS <l..l top bars) or 
tl S <l<,t ««( Io-j b.n s) 
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SECTION 3— Methods of Splicing 



TABLE 20— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR UNCOATED BARS 

(AASHTO, Metric Values) 







Lengths (mm) per Concrete Strength (MPa) 






24 MPa 


28 MPa 


35 MPa 


bar 


Lap 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


oize 


place 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


#10 


A 

A 


300 


340 


300 


300 


300 


340 


300 


300 


300 


340 


300 


300 




D 
D 


350 


440 


300 


310 


350 


440 


300 


310 


350 


440 


300 


310 




L/ 


460 


570 


330 


410 


460 


570 


330 


410 


460 


570 


330 


410 


•U 4 O 
#1J 


A 

A 


360 


450 


300 


320 


360 


450 


300 


320 


360 


450 


300 


320 




D 

D 


470 


590 


340 


420 


470 


590 


340 


420 


470 


590 


340 


420 






610 


760 


440 


550 


610 


760 


440 


550 


610 


760 


440 


550 


-114 C 

# id 


A 

A 


450 


560 


320 


400 


450 


560 


320 


400 


450 


560 


320 


400 




D 
D 


590 


730 


420 


520 


590 


730 


420 


520 


590 


730 


420 


520 




p 


770 


960 


550 


680 


770 


960 


550 


680 


770 


960 


550 


680 


#19 


A 

A 


550 


680 


390 


490 


540 


680 


390 


480 


540 


680 


390 


480 




D 


710 


890 


510 


640 


700 


880 


500 


630 


700 


880 


500 


630 




p 


930 


1160 


670 


830 


920 


1150 


660 


820 


920 


1150 


660 


820 


#22 


A 


750 


930 


530 


670 


690 


860 


490 


620 


630 


790 


450 


560 




B 


970 


1210 


690 


870 


900 


1120 


640 


800 


820 


1020 


580 


730 






1270 


1580 


910 


1130 


1170 


1470 


840 


1050 


1070 


1330 


760 


950 


#25 


A 


980 


1230 


700 


880 


910 


1140 


650 


810 


810 


1020 


580 


730 




B 


1280 


1590 


910 


1140 


1180 


1480 


840 


1060 


1060 


1320 


760 


940 






1670 


2080 


1190 


1490 


1540 


1930 


1100 


1380 


1380 


1730 


990 


1230 


#29 


A 


1240 


1550 


890 


1110 


1150 


1440 


820 


1030 


1030 


1290 


740 


920 




B 


1610 


2020 


1150 


1440 


1490 


1870 


1070 


1330 


1340 


1670 


960 


1190 




C 


2110 


2640 


1510 


1880 


1950 


2440 


1400 


1740 


1750 


2180 


1250 


1560 


#32 


A 


1580 


1970 


1130 


1410 


1460 


1820 


1040 


1300 


1310 


1630 


930 


1170 




D 
D 


2050 


2560 


1460 


1830 


1900 


2370 


1360 


1690 


1700 


2120 


1210 


1510 




c 


2680 


3350 


1910 


2390 


2480 


3100 


1770 


2210 


2220 


2770 


1580 


1980 


#36 


A 


1930 


2420 


1380 


1730 


1790 


2240 


1280 


1600 


1600 


2000 


1150 


1430 




B 


2510 


3140 


1800 


2250 


2330 


2910 


1660 


2080 


2080 


2600 


1490 


1860 




C 


3290 


4110 


2350 


2940 


3040 


3800 


2170 


2720 


2720 


3400 


1950 


2430 


#43 


N/A 


2400 


3000 


1720 


2150 


2230 


2780 


1590 


1990 


1990 


2490 


1420 


1780 


#57 


N/A 


3270 


4080 


2330 


2920 


3030 


3780 


2160 


2700 


2710 


3380 


1930 


2420 



Notes: 

1 . Tabulated values arc based on Grade A'H) reinforcing liars and normal density concrete. Lengths arc in mil limners. 

2. Tension development lengths and tension lap splice lengths are calculated per the AASHTO Standard Specifications lor Highway Bridges ( Kith Kdiiion, IWHi), Articles 
S.'J'i and S.'VJ. respectively. Tabulated values lor beams or columns ate based nn transverse reinforcement ami concrete rover meeting minimum AASHTO require- 
ments. 

"t. Categories I and '2, which depend on side concrete cover, and die ccuicr-to-ecnicr spacing ol die bars, are defined as: 

Category I: Side cover at leasi 7f> mm and c.-c. spacing at lc;isi IfiO mm 

Category 2: Side cover less than 7f> nun or c.-c. spacing less than IfiO nun 

4. I jip splice lengths are multiples, of tension development lengths: Class A = 1.0 f j. Class B - Cj. and < ".lass C = 1.7 f f/ . (AASHTO. Article 8.3*2.3. t ). 
:Y "Hie AASHTO Bridge S|M*cilicatioits do not allow tension lap splices of #43 or #:*»7 liars. The tabulated values for ihose liar si/es are the tension developmeni lengths, 
fi lop bars ure hoi i/tiuiai bars with more than 300 miiii «»l i otu reie cast below t Ik- liar v 
7. htr lightweight aggregate « oneiric*, multiply the tabulated value-shy 1.33. 
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SECTION 3— Methods of Splicing 



TABLE 20 (CONT.) TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR UNCOATEO BARS 
(AASHTO, Metri^: Values) 



Bar 
Size 



Lap 
Class 



42 MPa 



Lengths (mm) per Concrete Strength (MPa) 



Top Bars 



Other Bars 



Cat. 2 



49 MPa 



Top Bars 



Cat. 1 



Cat. 2 



Other Bars 



Cat. 1 



Cat. 2 



56 MPa 



Top Bars 



Cat 1 



Cat. 2 



Other Bars 



#13 



#16 



#19 



#22 



#25 



#29 



#32 



#36 



#43 



#57 



B 

C 



300 
350 
460 



A 
B 
C 



360 
470 
610 



340 
440 
570 
450 
590 
760 



300 
300 
330 



A 
B 

C 



A 
B 
C 



A 
B 

C 

~A~ 
B 



A 
B 
C 

"a" 

B 

C 



A 
B 

C 



450 
590 
770 



560 
730 
960 



540 
700 
920 



680 
880 
1150 



630 
820 
1070 
740 
970 
1260 



940 
1220 
1590 
1190 
1550 
2020 



790 
1020 
1330 

930~ 
1210 
1580 
1170 
1520 
1990 
1490 
1940 
2530 



N/A 



N/A 



1460 
1900 
2490 



1830 
2380 
3110 



1820 



2270 



2470 



3090 



300 
340 
440 



320 
420 
550 



390 
500 
660 



450 
580 
760 
530 
690 
900 
670 
870 
1140 
850 
1110 
1450 



1050 
1360 
1780 



1300 



1770 



300 
310 
410 



320 
420 
550 



400 
520 
680 



480 
630 
820 



560 
730 
950 
660 
860 
1130 



840 
1090 
1420 
1060 
1380 
1810 



1310 
1700 
2220 



1620 



2210 



300 
350 
460 



360 
470 
610 



450 
590 
770 



540 
700 
920 



630 
820 
1070 
Tio" 
930 
1220 



870 
1130 
1480 
1100 
1430 
1870 



1360 
1760 
2300 



1680 



2290 



340 
440 
570 



300 
300 
330 



300 
310 
410 



450 
590 
760 



300 
340 
440 



320 
420 
550 



560 
730 
960 



680 
880 
1150 



790 
1020 
1330 

900 
1170 
1530 



1090 
1410 
1850 
1380 
1790 
2340 



1690 
2200 
2880 



2100 



2860 



320 
420 
550 



400 
520 
680 



390 
500 
660 



480 
630 
820 



450 
580 
760 
520 
670 
870 



560 
730 
950 
640 
840 
1090 



620 

810 

1060 

~790" 

1030 

1340 



730 
1010 
1320 
990 
1280 
1670 



970 
1260 
1640 



1210 
1570 
2060 



1200 



1500 



1630 



2040 



300 
350 
460 



340 
440 
570 



300 
300 
330 



360 
470 
610 
450 
590 
770 



450 
590 
760 



300 
340 
440 



540 
700 
920 



630 
820 
1070 
~720~ 
930 
1220 



810 
1060 
1380 
1030 
1340 
1750 



1270 
1650 
2150 



1570 



2140 



560 
730 
960 



320 
420 
550 



680 
880 
1150 



390 
500 
660 



790 
1020 
1330 
900 
1170 
1530 



450 
580 
760 
520 
670 
870 



1020 
1320 
1730 
1290 
1680 
2190 



580 
760 
990 
740 
960 
1250 



1580 

2060 
2690 



910 
1180 
1540 



1970 



1130 



2670 



1530 



300 
310 
410 



320 
420 
550 



400 

520 
680 



480 
630 
820 



560 
730 
950 
640 
840 
1090 



730 
940 
1230 
920 
1200 
1570 



1130 
1470 
1920 



1410 



1910 



Noies: 

I T;il)tilaK'cl v;,!,,cs ;iif based on <.i;k!c -|*»0 ivinii K ■ t 1 1 

Kk '"«'««••»« •«'"« normal ck:ns,.y connote. Lengths arc i„ milliners. 

^:^:::::::;::::±:r - 

Category 2 : SuU- <ow lev. il,;»„ 7.*i imiii or c.-c. .spacing less than 1 f,0 

« - ~. - : «- > - - « — * 

' ' Sl»>«'':jlM .CSUI'-S-II. ...... .. I.-. .1, ,| K1 . |.,„.,| v;i |,„. v ,„ | 
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SECTION 3— Methods of Splicing 



TABLE 21— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(AASHTO, Metric Values) 







Lengths (mm) per Concrete Strength (MPa) 






24 MPa 


28 MPa 


35 MPa 


Bar 


Lap 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Top Bars 


Other Bars 


Size 


Class 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


Cat. 1 


Cat. 2 


#10 


A 




410 


300 


360 


330 


410 


300 


360 


330 


410 


300 


360 




B 


430 


530 


380 


470 


430 


530 


380 


470 


430 


530 


380 


470 




c 


cert 


690 


490 


610 


560 


690 


490 


610 


560 


690 


490 


610 


#13 


A 


a An 


ccn 

550 


390 


480 


440 


550 


390 


480 


440 


550 


390 


480 




B 


C~I f\ 

570 


710 


500 


630 


570 


710 


500 


630 


570 


710 


500 


630 




c 


740 


930 


660 


820 


740 


930 


660 


820 


740 


930 


660 


820 


#16 


A 


ooO 


con 
680 


480 


600 


550 


680 


480 


600 


550 


680 


480 


600 




B 


710 


890 : 


630 


780 


710 


890 


630 


780 


710 


890 


630 


780 




c 


930 


1160 


820 


1020 


930 


1160 


820 


1020 


930 


1160 


820 


1020 


#19 


A 


670 


830 


590 


730 


660 


820 


580 


720 


660 


820 


580 


720 




B 


860 


1080 


760 


950 


850 


1070 


750 


940 


850 


1070 


750 


940 






1130 


1410 


1000 


1240 


1120 


1390 


980 


1230 


1120 


1390 


980 


1230 


#22 


A 


910 


1130 


800 


1000 


840 


1050 


740 


920 


760 


950 


670 


840 




R 


1180 


1470 


1040 


1300 


1090 


1360 


960 


1200 


990 


1240 


880 


1090 




V-/ 


1540 


1920 


1360 


1700 


1420 


1780 


1260 


1570 


1300 


1620 


1140 


1430 


#25 


A 


1190 


1490 


1050 


1310 


1100 


1380 


970 


1220 


990 


1230 


870 


1090 




D 
D 


1550 


1940 


1370 


1710 


1430 


1790 


1270 


1580 


1280 


1600 


1130 


1420 






ZUzU 




i / yu 


ZZ6V 


lo/U 


oo/tn 
zo4U 


IboO 


2070 


a con 


n nn 

2100 


■4 a on 
1480 


1850 


#29 


A 


1510 


1880 


1330 


1660 


1400 


1740 


1230 


1540 


1250 


1560 


1100 


1380 




D 
D 


1960 


2450 


1730 


2160 


1810 


2270 


1600 


2000 


1620 


2030 


1430 


1790 




c 


2560 


3200 


2260 


2820 


2370 


2960 


2090 


2610 


2120 


2650 


1870 


2340 


#32 


A 


1910 


2390 


1690 


2110 


1770 


2210 


1560 


1950 


1580 


1980 


1400 


1750 




B 


2490 


3110 


2190 


2740 


2300 


2880 


2030 


2540 


2060 


2570 


1820 


2270 




C 


3250 


4060 


2870 


3580 


3010 


3760 


2660 


3320 


2690 


3360 


2380 


2970 


#36 


A 


2350 


2940 


2070 


2590 


2170 


2720 


1920 


2400 


1950 


2430 


1720 


2150 




B 


3050 


3820 


2690 


3370 


2830 


3530 


2490 


3120 


2530 


3160 


2230 


2790 




C 


3990 


4990 


3520 


4400 


3700 


4620 


3260 


4080 


3310 


4130 


2920 


3650 


#43 


N/A 


2920 


3650 


2570 


3220 


2700 


3380 


2380 


2980 


2420 


3020 


2130 


2670 


#57 


N/A 


3970 


4960 


3500 


4380 


3670 


4590 


3240 


4050 


3290 


4110 


2900 


3620 



Notes: 

1 . 'tabulated values are based on Orade 120 reinforcing bars and normal density concrete. Lengths are in millimeters. 

2. Tension development lengths and tension lap splice lengths are calculated per the AASHTO Standard Specifications for High way Bridges (Kill) Kdition. IftMj). Articles 
8.2fi and 8.32. respectively. Tabulated values lor beams or columns are based on transverse reinforcement and concrete cover meeting minimum AASH TO require- 
ments. 

3. Categories I and 2. which depend on side concrete cover, and the center-tn-ce titer spacing of the bars, are defined as: 
Category 1: Side cover at least 7"i mm and < .-*. spacing at least lf>0 mm 

Category 2: Side cover less than 7. : » mm or < -c. .spac ing less than l *»<) mm 
A. l-tp splice lengths are multiples of tension development lengths: Class A = TO P/. Class K = I .'.\ and Class C = 1.7 f,/ (AASHTO. Article H.32.3. 1 ). 

I he AASH I O Itridge S|H'ciftcai»on> do not allow lap splices of tt \\\ nr #f>7 bars. The tabulated values for those bar si/rs are the tension development lengths, 
(i. lop bars are horizontal bars with mote than "MM\ mm of « on* icte < ast Ih-Iow the bars. 
7. lor lightweight aggregate concrete, multiply the tabulated values by j.X\. 

H. For cpoxy-coatcd bars, if tlie bar c.-c. spacing is at least '7 O and the concrete cover is at least 3.0 rf/,. then Category I lengths mav be multiplied by 0317 (for top bars 
or 0.7f»7 (Tor other bats). 
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SECTION 3— Methods of Splicing 



TABLE 21 (CONT.)-TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR EPOXY-COATED BARS 

(AASHTO, Metric Values) ' 



Ci 



Bar 
Size 
#10 



#13 



#16 



#19 



#22 



#25 



#29 



#32 



#36 



#43 
#57 



Lap 
Class 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B 

C 
~~A 

B 

C 
~A 

B 

C 
~A 

B 

C 

A 

B 

C 

N/A 
N/A 



42 MPa 



Lengths (mm) per Concrete Strength (MPa) 



Top Bars 



Cat. 1 
330 
430 
560 
440 
570 
740 
550 
710 
930 
660 
850 
1120 
760 
990 
1300 
900 
1170 
1530 
1140 
1480 
1940 
1450 
1880 
2460 
1780 
2310 
3020 
2210 
3000 



Cat. 2 
410 
530 
690 
550 
710 
930 
680 
890 
1160 
820 
1070 
1390 
950 
1240 
1620 
1130 
1460 
1910 
1420 
1850 
2420 
1810 
2350 
3070 
2220 
2880 
3770 
2760 
3750 



Other Bars 



Cat. 1 
300 
380 
490 
390 
500 
660 
480 
630 
820 
580 
750 
980 
670 
880 
1140 
800 
1030 
1350 
1010 
1310 
1710 
1280 
1660 
2170 
1570 
2040 
2660 
1950 
2650 



Cat. 2 
360 
470 
610 
480 
630 
820 
600 
780 
1020 
720 
940 
1230 
840 
1090 
1430 
990 
1290 
1690 
1260 
1630 
2130 
1600 
2070 
2710 
1960 
2550 
3330 
2430 
3310 



49 MPa 



Top Bars 



Cat. 1 
330 
430 
560 
440 
570 
740 
550 
710 
930 
660 
850 
1120 
760 
990 
1300 
870 
1130 
1480 
1060 
1370 
1790 
1340 
1740 
2280 
1640 
2140 
2790 
2040 
2780 



Cat. 2 
410 
530 
690 
550 
710 
930 
680 
890 
1160 
820 
1070 
1390 
950 
1240 
1620 
1090 
1420 
1850 
1320 
1710 
2240 
1670 
2170 
2840 
2060 
2670 
3490 
2550 
3470 



Other Bars 



Cat. 1 
300 
380 
490 
390 
500 
660 
480 
630 
820 
580 
750 
980 
670 
880 
1140 
770 
1000 
1310 
930 
1210 
1580 
1180 
1540 
2010 
1450 
1890 
2470 
1800 
2450 



Cat. 2 
360 
470 
610 
480 
630 
820 
600 
780 
1020 
720 
940 
1230 
840 
1090 
1430 
960 
1250 
1640 
1160 
1510 
1980 
1480 
1920 
2510 
1810 
2360 
3080 
2250 
3060 



56 MPa 



Top Bars 



Cat. 1 
330 
430 
560 
440 
570 
740 
550 
710 
930 
660 
850 
1120 
760 
990 
1300 
870 
1130 
1480 
990 
1280 
1680 
1250 
1630 
2130 
1540 
2000 
2610 
1910 
2600 



Cat. 2 
410 
530 
690 
550 
710 
930 
680 
890 
1160 
820 
1070 
1390 
950 
1240 
1620 
1090 
1420 
1850 
1230 
1600 
2100 
1570 
2030 
2660 
1920 
2500 
3270 
2390 
3250 



Other Bars 



Cat. 1 
300 
380 
490 
390 
500 
660 
480 
630 
820 
580 
750 
980 
670 
880 
1140 
770 
1000 
1310 
870 
1130 
1480 
1110 
1440 
1880 
1360 
1760 
2310 
1690 
2290 



Cat. 2 
360 
470 
610 
480 
630 
820 
600 
780 
1020 
720 
940 
1230 
840 
1090 
1430 
960 
1250 
1640 
1090 
1410 
1850 
1380 
1800 
2350 
1700 
2210 
2880 
2110 
2870 



NoJcs: 
I. 



labula.e,. values arc based <>„ Grade 430 reinforcing bars and normal demi.y coerce, lengths are in milliners 

S^l^ t n a,C "T T AASHT ° S »"*» d Vcifiea liom for Highway Bridge, (ICh Kdi.ion. .990). Arnc.es 

' ' ,I,US '"' bta '" S ™ COI, " ,mS are »» «•"•"«* -.force,,,™, alKl concrete cover n,e«ing minim,..,, AASHTO reqmre- 

Ca,, K „,„, I and 2. which de,H-n, side concrete cover, and ...e center-,o-cemcr spacing of, he bars, are defined as 

Calegory I Side <over a, h as, 7 a mm a„d t .<. spacing a, leas, 150 nun 
Category 2: Side cover less ihan 7a mm or c.-c. spacing less ,| la ,i lad mm 

' S,,lM " ' ,,I<S ,, " , • mi< " , rf "<-'»l>'"<-'«' «tnrl* Class A =- ..0 P„, Cass B = |.J f, and Cass C = 1.7 0,, (AASHTO Anicle H V> , ,) 

-he AAS. . I O Bridge Spe, i.ica.ions do a.,,, lap sphces of ,« or # 5 7 bars. ,ab„,a,ed values lor sc bar sues are die tension dcvclopmen, leng.hs 

lop bars are ho„/o„,al bars uilh more lhan M«) mm ofconcrele cas, Ixlow die bars elopmcn, hngd.s 

l-or lighnveighi aggregaie tonceie. mnhiplv the labolaicd values by 1 31 |tT, 

T:ZT:t!Z* 1 " ^ ' S ^ 70 - ~ — ^ " ^ ( " ' -V iHW >, 0.1, „or ,op bars, « 
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SECTION 3— Methods of Splicing 



TABLE 22— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR BARS IN WALLS AND SLABS 

(ACl 31 8M, Metric Values) 



£ - 21 MPa 



Bar 
Size 


Lap 
Class 


Concrete Cover = 20 mm 


Concrete Cover - 25 mm 


Concrete Cover = 40 mm 


Concrete Cover - 50 mm 


Uncc 


>ated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 






Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


#10 


A 


410 


320 


540 


470 


410 


320 


540 


470 


410 


320 


490 


380 


410 


320 


490 


380 


B 


530 


410 


700 


610 


530 


410 


700 


610 


530 


410 


640 


490 


530 


410 


640 


490 


#13 


A 


660 


510 


860 


760 


550 


430 


720 


640 


550 


420 


660 


510 


550 


420 


660 


510 


B 


860 


660 


1120 


990 


720 


550 


940 


830 


710 


550 


850 


660 


710 


550 


850 


660 


#16 


A 


970 


750 


1270 


1120 


830 


640 


1080 


950 


680 


530 


890 


790 


680 


530 


820 


630 


B 


1260 


970 


1650 


1460 


1070 


830 


1400 


1240 


890 


680 


1160 


1030 


890 


680 


1070 


820 


#19 


A 


1330 


1020 


1730 


1530 


1140 


870 


1480 


1310 


820 


630 


1070 


950 


820 


630 


1070 


950 


B 


1720 


1330 


2250 


1990 


1470 


1140 


1930 


1700 


1070 


820 


1400 


1230 


1070 


820 


1400 


1230 


#22 


A 


1700 


1310 


2230 


1960 


1470 


1130 


1920 


1690 


1040 


800 


1360 


1200 


960 


740 


1250 


1100 


B 


2210 


1700 


2890 


2550 


1910 


1470 


2490 


2200 


1350 


1040 


1760 


1550 


1240 


960 


1620 


1430 


#25 


A 


2120 


1630 


2770 


2440 


1840 


1410 


2400 


2120 


1320 


1010 


1720 


1520 


1110 


850 


1450 


1280 


B 


2750 


2120 


3600 


3180 


2390 


1840 


3120 


2760 


1710 


1320 


2230 


1970 


1440 


1110 


1880 


1660 


#29 


A 


2570 


1980 


3370 


2970 


2250 


1730 


2940 


2590 


1630 


1250 


2130 


1880 


1380 


1060 


1800 


1590 


B 


3350 


2570 


4370 


3860 


2920 


2250 


3820 


3370 


2120 


1630 


2770 


2440 


1790 


1380 


2340 


2060 


#32 


A 


3100 


2380 


4050 


3570 


2720 


2090 


3560 


3140 


2000 


1540 


2610 


2300 


1690 


1300 


2210 


1950 


B 


4030 


3100 


5260 


4650 


3540 


2720 


4620 


4080 


2590 


2000 


3390 


2990 


2200 


1690 


2880 


2540 


#36 


A 


3630 


2790 


4740 


4190 


3210 


2470 


4190 


3700 


2380 


1830 


3110 


2740 


2030 


1560 


2650 


2340 


B 


4720 


3630 


6170 


5440 


4170 


3210 


5450 


4810 


3090 


2380 


4040 


3560 


2630 


2030 


3440 


3040 



Notes: 

1. Tabulated values are based on C.rade 4*20 reinforcing bars and normal drusiiv concrete. Lengths are in millimeters. 

2. Tension development lengths and tension lap splice lengths are calculate d per ACl 31NM-<r>. Sections 12.2.3 and 12.1 respectively. 

3. I Jip splice lengths are multiples <>l u iision development lengths: Claw .\ - l-dr^y and CI.inn B - 1 A ? /{ (ACl \\ I SM-'Jj. Section 1*2. 1 f>. 1 ). 

4. Bar sizes in this table were restricted to typical sizes formal Is and slaAs. 

5. Top bars are horizontal bars widi more than MX) mm ol' concrete cast In-low die bars. 
0. For lightweight aggregate concrete, multiply die tabulated values by I \ 



33 



SECTION 3— Methods of Splicing 



TABLE 23-TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR BARS IN WALLS AND SLABS 

(ACI 318WI, Metric Values) , 

V c = 28 MPa 



Bar 

Size 


Lap 
Class 


Concrete Cc 


ver = 20 mm 


Concrete Cover = 25 mm 


Concrete Cover = 40 mm 


Concrete Cover = 50 mm 


Unc< 


)ated 


Epoxy- 


Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Uncoated 


Epoxy-Coated 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


#10 


A 


360 


300 


460 


410 


360 


300 


460 


410 


360 


300 


430 


330 


360 


300 


430 


330 


B 


460 


390 


600 


530 


460 


390 


600 


530 


460 


390 


550 


430 


460 


390 


550 


430 


#13 


A 


570 


440 


750 


660 


480 


370 


630 


550 


470 


370 


570 


440 


470 


370 


570 


440 


B 


740 


570 


970 


860 


620 


480 


820 


720 


620 


470 


740 


570 


620 


470 


740 


570 


#16 


A 


840 


650 


1100 


970 


720 


550 


930 


830 


590 


460 


780 


680 


590 


460 


710 


550 


B 


1090 


840 


1430 


1260 


930 


720 


1210 


1070 


770 


590 


1010 


890 


770 


590 


920 


710 


#19 


A 


1150 


880 


1500 


1330 


980 


760 


1290 


1130 


710 


550 


930 


820 


710 


550 


930 


820 


B 


1490 


1150 


1950 


1720 


1280 


980 


1670 


1470 


930 


710 


1210 


1070 


930 


710 


1210 


1070 


#22 


A 


1470 


1140 


1930 


1700 


1270 


980 


1660 


1470 


900 


690 


1170 


1040 


830 


640 


1080 


950 


B 


1920 


1470 


2500 


2210 


1650 


1270 


2160 


1900 


1170 


900 


1530 


1350 


1080 


830 


1400 


1240 


#25 


A 


1840 


1410 


2400 


2120 


1590 


1230 


2080 


1840 


1140 


880 


1490 


1310 


960 


740 


1250 


1110 


B 


2380 


1840 


3120 


2750 


2070 


1590 


2700 


2390 


1480 


1140 


1940 


1710 


1250 


960 


1630 


1440 


#29 


A 


2230 


1720 


2920 


2570 


1950 


1500 


2550 


2250 


1410 


1090 


1840 


1630 


1190 


920 


1560 


1370 


B 


2900 


2230 


3790 


3340 


2530 


1950 


3310 


2920 


1830 


1410 


2400 


2110 


1550 


1190 


2020 


1790 


#32 


A 


2680 


2060 


3510 


3100 


2360 


1810 


3080 


2720 


1730 


1330 


2260 


1990 


1470 


1130 


1920 


1690 


B 


3490 


2680 


4560 


4020 


3060 


2360 


4010 


3530 


2250 


1730 


2940 


2590 


1910 


1470 


2490 


2200 


#36 


A 


3140 


2420 


4110 


3630 


2780 


2140 


3630 


3200 


2060 


1580 


2690 


2370 


1760 


1350 


2300 


2030 




B 


4090 


3140 


5340 


4710 


3610 


2780 


4720 


4160 


2680 


2060 


3500 


3090 


2280 


1760 


2980 


2630 



Notes: , 

I Tabulated values arc based on Grade 420 reinforcing bars and normal density concrete. Lengths are in .mllm.elcrs. 

2. Ic.is.on development lengths and tension la,, spl.ee lengths are calculated per ACI SISM-Oii. Sections I 3 and ILMf,. respectively. 

:t. i-tp splice lengths are nuiltiples <»l tension dexel<»pme.u lengths; Class A = I.Ofy and Class R = p rf {A CI :t ISM •'.):">. Section m-i.l). 

1- Hat sizes in this table uric restricted to typical sizes lor walls and slabs. 

:V lop bars are horizontal bars ivith „„ HC ,| 1; „, ;w<) nun of concrete cast IrIow die bars. 

<i K»r lightweight aggregate com rete. multiply the tabulated values I iv I :V 
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SECTION 3— Methods of Splicing 



TABLE 24— TENSION DEVELOPMENT LENGTHS FOR UNCOATED BARS IN SEISMIC JOINTS 

(ACI 318M, Metric Values) 



Bar 
oize 


Lengths (mm) per Concrete Strength (MPa) 


21 MPa 


28 MPa 


35 MPa | 


42 MPa 


49 MPa 


56 MPa 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


#10 


570 | 


410 


530 


380 


530 


380 


530 


380 


530 


380 


530 


380 


#13 


760 


540 


660 


470 


590 


420 


540 


380 


530 


380 


530 


380 


#16 


950 


680 


820 


590 


730 


530 


670 


480 


620 


440 


580 


420 


#19 


1140 


810 


990 


700 


880 


630 


810 


580 


750 


530 


700 


500 


#22 


1320 


940 


1150 


820 


1020 


730 


940 


670 


870 


620 


810 


580 


#25 


1510 


1080 


1310 


940 


1170 


840 


1070 


770 


990 


710 


930 


660 


#29 


1710 


1220 


1480 


1060 


1320 


950 


1210 


860 


1120 


800 


1050 


750 


#32 


1920 


1370 


1660 


1190 


1490 


1060 


1360 


970 


1260 


900 


1180 


840 


#36 


2130 


1520 


1840 


1320 


1650 


1180 


1510 


1080 


1400 


1000 


1310 


930 



Notes: 

1. Tabulated values are based on Grade 420 reinforcing bars and normal density concrete- Lengths are in millimeters. 

2. Tension development lengths are calculated per ACI 318M-95, Section 21 .5.4.2, where bar sizes are limited to # 10 through #36 only. 

3. Top bars are horizontal bars with more than 300 mm of concrete cast below the bars. 



TABLE 25 — TENSION DEVELOPMENT LENGTHS FOR EPOXY-COATED BARS IN SEISMIC JOINTS 

(ACI 318, Metric Values) 



Bar 

Size 


Lengths (mm) per Concrete Strength (MPa) 


21 MPa 


28 MPa 


35 MPa 


42 MPa 


49 MPa 


56 MPa 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


Top 


Other 


#10 


690 


610 


640 


570 


640 


570 


640 


570 


640 


570 


640 


570 


#13 


920 


810 


800 


700 


710 


630 


650 


570 


640 


570 


640 


570 


#16 


1150 


1010 


1000 


880 


890 


790 


810 


720 


750 


670 


710 


620 


#19 


1380 


1220 


1200 


1060 


1070 


940 


980 


860 


900 


800 


850 


750 


#22 


1600 


1420 


1390 


1230 


1240 


1100 


1140 


1000 


1050 


930 


980 


870 


#25 


1840 


1620 


1590 


1400 


1420 


1260 


1300 


1150 


1200 


1060 


1120 


990 


#29 


2070 


1830 


1800 


1580 


1610 


1420 


1470 


1290 


1360 


1200 


1270 


1120 


#32 


2330 


2060 


2020 


1780 


1810 


1600 


1650 


1460 


1530 


1350 


1430 


1260 


#36 


2590 


2280 


2240 


1980 


2000 


1770 


1830 


1610 


1690 


1490 


1580 


1400 



Notes: 

1 . Tabulated values ar<: based on Crude 420 reinforcing bai*; and norma? density concrete. Lengths ate in millimeters. 

2. Tension development lengths are calculated per ACI SIHM- 1 .):), Section 21 .. r ».4.2. where bar sizes are Ilium <l to # 10 through #M\ only. 
W. Top bars are horizontal bars with more than 'MM mm of concrete cast 1x-l«iw the bars. 



35 



SECTION 3— Methods of Splicing 



TABLE 26-TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR UNCOATED BARS 

(ACI 31 8M and AASHTq, Metric Values) 



Bar 




Length (mm) per Concrete Strength (MPa) 


Size 


21 MPa 


Z4MPa 


28 MPa 


35 MPa 


42 MPa 


49 MPa 


56 MPa 


#10 


210 


200 


180 


160 


150 


150 


150 


#13 


280 




OA (\ 


zzu 


200 


180 


170 


#16 


350 


330 


300 


270 


250 


230 


220 


#19 


420 


390 


360 


330 


300 


t 280 


260 


#22 


490 


460 


420 


380 


350 


320 


300 


#25 


560 


520 


480 


430 


390 


370 


340 


#29 


630 


590 


550 


490 


450 


410 


390 


#32 


710 


660 


610 


550 


500 


460 


430 


#36 


780 


730 


680 


610 


560 


510 


480 


#43 


940 


880 


820 


730 


670 


620 


580 


#57 

Notes: 


1250 


1170 


1090 


970 


890 


820 


770 



1 Tabulated values are based on Grade 420 reinforcing bars and normal density concrete. Lengths are in millimeters 

2 IS SSEEK" ° f Sta " danl ^ ^ akUhted AC ' 3,8M " 95 - ^ ,i0n ,2 5 a " d ^° Bridge Specihcations for Highway Bridges (,6th 

3. For bar sizes #10 through #36 only: 

' ZTs^tT IC" (SeC,i ° n ,2 5 - 3 - 3) ° r AASm ° <Ar,id€ 8 - 29 - 3 - 2) - the " 3 — *- f — ° f 0 7 -* * -FFW ^ length must 

b ' ZJf i££ tfSS Syr ST (Sec,ion 1 2 - 5 - 3 - 3 ' or AASHTO (A " ic,e 8 2933) - to a mod,,icalio " fa ™ ° ro - 8 -r «« b- - 

4. For lightweight aggregate concrete, multiply the tabulated values by 1 .3. 

TABLE 27-TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR EPOXY-COATED BARS 

(ACI 31 8M and AASHTO, Metric Values) 



i 



Bar 
Size 




Length (mm) per Concrete Strenath <MPa\ 


21 MPa 


24 MPa 


28 MPa 


35 MPa 


42 MPa 


49 MPa 


56 MPa 


#10 


250 


240 


220 


200 


180 


170 


160 


#13 


340 


310 


290 


260 


240 


220 


210 


#16 


420 


390 


360 


330 


300 


280 


260 


#19 


500 


470 


440 


390 


360 


330 


310 


#22 


580 


550 


510 


450 


410 


380 


360 


#25 


670 


630 


580 


520 


470 


440 


410 


#29 


750 


710 


650 


590 


530 


500 


460 


#32 


850 


790 


740 


660 


600 


560 


520 


#36 


940 


880 


810 


730 


670 


620 


580 


#43 


1130 


1060 


980 


880 


800 


740 


690 


I #57 


1500 


1410 


1300 


1170 


1060 


990 


920 



1 Tabulated values are based ,,„ Grade 420 reinforcing bars and mal density concrete, lengths u re i„ millimeter, 

2 ,'z::: s.M" , ** m * m ks - v ow r' a<;i »«• ™ > <». ^ «„■„., 

: J .. r<>r i>. t i m/.cn m it) iinoui.ii #s<i , m ,k 

1 km Ik- less .1,;... 8.0 ,/,, nor I30 mm " " A ASH (Muck 8.2«U2), then m< »<lt1 m >n (;,<«„ n | 0 .7 mav l H - applied bu« «hc lcn K .l, .mum 

I). II hook is enclosed in ties m Mirmps pc-rACI SIKM-flfi (ScriHin I*' H HI or AASUI O / \«« I* « »mi 1 .1 > . - • W 

length .....m .mm he less ,k„, 8.(1 ,/,' „<„ .;>() „,„,. ' A ASM 8 2<M..<>. then ;, .,..hI,I k -« M h, U.o, of 0.8 ,nav be applied hm .lie % 

1 lot hghiuvighl iijiiiivjr;,,,. , |ru . Ml „| () p !v <»w i ;,l » „| v.,|„ t . N hv I :< 
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SECTION 3— Methods of Splicing 



TABLE 28— TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR UNCOATED BARS 

IN SEISMIC JOINTS 
(ACI 31 8M Metric Values) 



Bar 


Lengths (mm) per Concrete Strengths (MPa) 


Size 


21 MPa 


28 MPa 


35 MPa 


42 MPa 


49 MPa 


56 MPa 


#10 


160 


150 


150 


150 


150 


150 


#13 


220 


190 


170 


160 


150 


150 


#16 


270 


240 


210 


190 


180 


170 


#19 


330 


280 


250 


230 


220 


200 


#22 


380 


330 


290 


270 


250 


230 


#25 


430 


380 


340 


310 


290 


270 


#29 


490 


420 


380 


350 


320 


300 


#32 


550 


480 


430 


390 


360 


340 


#36 


610 


530 


470 


430 


400 


380 



Notes: 

1 . Tabulated values are based on Grade 420 reinforcing bars and normal density concrete. Lengths arc in millimeters. 

2. Tension development lengths of standard hooks are calculated per ACI S18M-95, Section 21.5.4.1, where bar sizes are limited to # 10 through #36 only. 

TABLE 29 — TENSION DEVELOPMENT LENGTHS OF STANDARD HOOKS FOR EPOXY-COATED BARS 

IN SEISMIC JOINTS 
(ACI 31 8M Metric Values) 



Bar 


Lengths (mm) per Concrete Strengths (MPa) 


Size 


21 MPa 


28 MPa 


35 MPa 


42 MPa 


49 MPa 


56 MPa 


#10 


200 


180 . 


180 


180 


180 


180 


#13 


260 


230 


200 


190 


180 


180 


#16 


330 


280 


250 


230 


210 


200 


#19 


390 


340 


300 


280 


260 


240 


#22 


460 


390 


350 


320 


300 


280 


#25 


520 


450 


400 


370 


340 


320 


#29 


590 


510 


460 


420 


390 


360 


#32 


660 


570 


510 


470 


430 


410 


#36 


730 


630 


570 


520 


480 


450 



Notes: 1 

1 . 'littml.iU'd valors aiv 1>:jsc<I on < lr.icl<- A2i) r«*ii if t living bars aiu\ normal density < on< ivic. 1 rngilis an* in niitliiiM-HTv 

*2. tension <h\ HojnmtH lrnj;lli> o( M:m<1:u'«1 IkmiLn a it olctilafttl p<-r A< A '.\ i MM Sr« tioii *JI I . wlirrr h.ir m/«-s :i i •• tmiii<«l in # Ml ilimn^li ti \U\ «mlv 
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SECTION 3— Methods of Splicing 



TABLE 30— COMPRESSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR 
UNCOATED AND EPOXY-COATED BARS 
(ACI 31 8M and AASHTo' Metric Values) 



Bar 




Compression Length (mm) per Concrete Strength (MPa) 


Lap I 


Size 


21 MPa 


24 MPa 


28 MPa 


35 MPa 


! 42 MPa 


49 MPa 


56 MPa 


Splice 


#10 


220 


210 


200 


200 


200 


200 


200 


300 


#13 


290 


o o r\ 

280 


260 


230 


220 


220 


220 


380 


#16 


370 


340 


320 


290 


270 


270 


270 


470 


#19 


440 


410 


\J\J\J 


OH\J 


oZXj 


320 


320 


560 


#22 


510 


480 


440 


400 


380 


380 


380 


oou 


#25 ; 


580 


550 


510 


450 


430 


430 


430 


750 


#29 


660 i 


620 


570 


510 


490 


490 


490 


850 


#32 


740 


700 


640 


580 


550 


550 


550 


950 


#36 


820 


770 


710 


640 


600 


600 


600 


1060 


#43 


990 


920 


860 


770 


730 


730 


730 


N/A 


#57 


1320 


1230 


1140 


1020 


970 


970 


970 


N/A 



Notes: 

1 Tabulated values arc based on Cade -120 reinforcing bars an,! normal density concrete. Lengths are in millimeters 

' r* V' 8M * "f • ^ SHT ° deifications .or Highway Bridges (10th Edition. 1990), 

\<W). Ankle 8 S * ' * P ° MA X2AG - ^ SHTO SpcritoiiL for Highway Bridges (IGth Kdition. 

». Km r Oppression dcxclopmcm lengths, ifbars arc enclosed in spirals or <ics per ACI SI*M-<ir». Section P> S H •> or AASHTO Q ■> 9 , r r 

oi 0 ,:> may be applied inn die length s < noi be less than *K) mm. • - ^ 01 AASM (), Aitule 8.2(i.>.2. then a modification factor 

•». l*or compression lap sphev lengths: 

a. II bars are enclosed m a i.e<l loinprcssion member per ACI :<l8M-<);> Section |V 17 v 4 or A ASH TO x a i 1 . .- 

applied Inn the length no. I,e less dian :<0<l mm. ' "' llK "" ** m<Kl,, " : "'°" bc '<>' «« may he 

h II Iwrsareendoseo' ma spnaNv-rcinluucd ,o„,p,esMo» member pc. ACI S\ SM -<>;,, Sect ion I* I7«>", ( ,. AASH TO A,,„l, « v> 1 . ,t 

-ay he appl.ed Ihm .he lengih rnnst „,« he less d.an :«)() ' - " o, AASH I <). A, t.cle 8..UT I . then a modd,<;,t,on factor of 

r.. aci :ii«M.!ir. .„,<! aash io ,iu „<„ .din, umi p,, :m(l , Mlv ^ rjH m #M m<j NllM||i . r |);ns 
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SECTION 3— Methods of Splicing 



TABLE 31— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR DEFORMED WIRE 
~ (ACI 31 8M, Metric Values) 



fc = 28 MPa 



Wire 


Development Length (mm) 


Lap Splice Length, mm (Class B) 


Size 


Top 


Other 


Top 


Other 


MD-7 


300 


300 


390 


390 


MD-13 


300 


300 


390 


390 


MD-19 


300 


300 


390 


390 


MD-26 


350 


300 


450 


390 


MD-32 


390 


300 


510 


390 


MD-39 


430 


330 


550 


430 


MD-45 


460 


350 


600 


460 


MD-52 


490 


380 


640 


490 


MD-58 


520 


400 


680 


520 


MD-65 


550 


420 


720 


550 


MD-71 


580 


440 


750 


580 


MD-77 


600 


460 


780 


600 


MD-84 


630 


480 


820 


630 


MD-90 


650 


500 


850 


650 


MD-97 


670 


520 


880 


670 


MD-103 


700 


540 


910 


700 


MD-110 


720 


550 


930 


720 


MD-116 


740 


570 


960 


740 


MD-123 


760 


580 


990 


760 


MD-129 


780 


600 


1010 


780 




800 


610 


1040 


800 


MD-142 


820 


630 


1060 


820 


MD-148 


830 


640 


1090 


830 




850 


660 


1110 


850 


MD-161 


870 


670 


1130 


870 


IVtC-/ 1 \J\J 


con 


con 


1150 


890 


MD-174 


900 


700 


1180 


900 


MD-181 


920 


710 


1200 


920 


MD-187 


940 


720 


1220 


940 


MD-194 


950 


730 


1240 


950 


MD-200 


970 


750 


1260 


970 


MD-290 


1170 


900 


1520 


1170 



Notes: 

I Tabulated values arc based on a minimum yield strength of 515 Ml';, and 28 MI'a normal dcnsiiv concrete UiitMhs arc 
in millimeters. 

" toraHMi dcvelopmcni Imgilis and tension lap splice lengths are calculated per ACI SIHM-'.lfi. Sections 12 2 2 and I*' \' t 
respectively. 

lap >plicc IcngiliN arc multiples of tension development lengths; Class A = 1.0 0 rf and Class \\ = l.H P,/ (ACI 3 I KM -«lf». 
Sea i* »n 1 2. 1 5. 1 ). I Class B was assumed lor il'e tabl<-s. 
1. lop win s an- horizontal win s widi more than 'MM mm of concrete cast below <h<- win s, 
lor hghiuvighi aggregate concrete, muhiply the lahulaied values hv I .:<. 
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SECTION 3— Methods of Splicing 



TABLE 32— TENSION DEVELOPMENT LENGTHS FOR DEFORMED WELDED WIRE FABRIC 
f£ = 28 MPa ( ACI 318W| . Metric Values) , 



Wire 


For Top 


WWF per Wire Spacing (mm) 


For Other WWF per Wire Spacing (mm) 


Size 


102 


152 


203 


305 


102 


152 


203 


305 


MD-7 


100 


100 


100 


100 


100 


100 


100 


100 


MD-13 


120 


120 


120 


120 


100 


100 


100 


100 


MD-19 


140 


140 


140 


140 


110 


110 


110 


110 


MD-26 


170 


170 


170 


170 


130 


130 


130 


130 


MD-32 


190 


190 


190 


190 


140 


140 


140 


140 


MD-39 


200 


200 


200 


200 


160 


160 


160 


160 


MD-45 


220 


220 


220 


220 


170 


170 


170 


170 


MD-52 


230 


230 


230 


230 


180 


180 


180 


180 


MD-58 


250 


250 


250 


250 


190 


190 


190 


190 


MD-65 I 


260 


260 


260 


260 


200 


200 


200 


200 


MD-71 


270 


270 


270 


270 


210 


210 


210 


210 


MD-77 


290 


290 


290 


290 


220 


220 


220 


220 


MD-84 


300 


300 


300 


300 


230 


230 


230 


230 


MD-90 


320 


310 


310 


310 


250 


240 


240 


240 


MD-97 


350 


320 


320 


320 


270 


250 


250 


250 


MD-103 


370 


330 


330 


330 


280 


250 


250 


250 


MD-110 


390 


340 


340 


340 


300 


260 


260 


260 


MD-116 


410 


350 


350 


350 


320 


270 


270 


270 


MD-123 


440 


360 


360 


360 


340 


280 


280 


280 


MD-129 


460 


370 


370 


370 


350 


280 


280 


280 


MD-136 


480 


380 


380 


380 


370 


290 


290 


290 


MD-142 


510 


390 


390 


390 


390 


300 


300 


300 


MD-148 


530 


400 


400 


400 


410 


310 


310 


310 


MD-155 


550 


410 


410 


410 


430 


310 


310 


310 


MD-161 


580 


410 


410 


410 


440 


320 


320 


320 


MD-168 


600 


420 


420 


420 


460 


320 


320 


320 


MD-174 


620 


430 


430 


430 


480 


330 


330 


330 


MD-181 


640 


440 


440 


440 


500 


340 


340 


340 


MD-187 


670 


450 


450 


450 


510 


340 


340 


340 


MD-194 


690 


460 


450 


450 


530 


360 


350 


350 


MD-200 


710 


480 


460 


460 


550 


370 


350 


350 


MD-290 


1040 


700 


560 


560 


800 


530 


430 


430 



Notes: * 



!. tabulated v.ilm-s.nv based on minimum \ ieid MicnjMlt ol 4Kii Ml»a and 2H Ml'a normal dcusiiv concrete. Icuyths air m mil- 

lilMCUTS. 

L>. Tension development lcnjM.li> are calculated per AO SIHM-'Ki, Section 12.7. 

IV lop \V\VF is Ihm i/oiimI W'WI w itli more than MM mm of concrete cast below die WU'K 

I. For li^liiwi-t K lu a^n i^air turn trie, multiply the tabulated values bv I.S. 
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SECTION 3— Methods of Splicing 



TABLE 33— TENSION LAP SPLICE LENGTHS FOR DEFORMED WELDED WIRE FABRIC 

(ACI 318M, Metric Values) 

= 28 MPa 



Wire 


For Top 


WWF per Wire Spacing (mm) 


For Other WWF per Wire Spacing (mm) 


oize 




152 


203 


305 


102 


152 


203 


305 


ML/-/ 




200 


200 


200 


200 


200 


200 


200 


Mn 1 ^ 

IVI U- I O 


onn 


200 


200 


200 


200 


200 


200 


200 


Mn 1 Q 




200 


200 


200 


200 


200 


200 


200 


Mn oc 


zzU 


220 


220 


220 


200 


200 


200 


200 






240 


240 j 


240 


200 


200 


200 


200 


Mn io 


zoO 


260 


260 


260 


200 


200 


200 


200 


lVIU-40 




280 


280 


280 


220 


220 


220 


220 


Mn 


inn 


300 


300 


300 


230 


230 


230 


230 


Mn g:q 




320 


320 


320 


250 


250 


250 


250 


ivIU-OO 


«34U 


340 


340 


340 


260 


260 


260 


260 




ODU 


360 


360 


360 


270 


270 


270 


270 


MR "77 


370 


370 


370 


370 


290 


290 . 


290 


290 


Mn o>f 
lVlU-o4 


o90 


390 


390 


390 


300 


300 


300 


300 


Mn on 


/ion 


400 


400 


400 


320 


310 


310 


310 


Mu-y/ 


450 


420 


420 


420 


350 


320 


320 


320 


MLMUo 


480 


430 


430 


430 


370 


330 


330 


330 


Mn im 


oil) 


440 


440 


440 


390 


340 


340 


340 


ML)-! ID 


540 


460 


460 


460 


410 


350 


350 


350 


MU-uo 


570 


470 


470 


470 


440 


360 


360 


360 


Mn 10Q 

mu-i zy 


bUU 


480 


480 


480 


460 


370 


370 


370 


Mu-1 36 


630 


490 


490 


490 


480 


380 


380 


380 


ft 4 A*\ 


660 


500 


500 


500 


510 


390 


390 


390 


Mn 


690 


520 


520 


520 


530 


400 


400 


400 


MD-155 


720 


530 


530 


530 


550 


410 


410 


410 


MD-161 


7sn 


540 


540 


540 


580 


410 


410 


410 


MD-168 


780 


550 


550 


550 


600 


420 


420 


420 


MD-174 


810 


560 


560 


560 


620 


430 


430 


430 


MD-181 


840 


570 


570 


570 


640 


440 


440 


440 


MD-187 


870 


580 


580 


580 


670 


450 


450 


450 


MD-194 


900 


600 


590 


590 


690 


460 


450 


450 


MD-200 


930 


620 


600 


600 


710 


480 


460 


460 


MD-290 


1350 


900 


720 


720 


1040 


700 


560 


560 



Notes: 

1. Tahuhud valnrs aiv lws<<! on :i minimum virl.l Miviigih of ISri MIVi .m,l _'S Ml'., m.rm:tl <1< nsiiy romivir. l.«*n K ilis jiv in mil 
liiiicirrv * 

2. 'tension lap s|>li<r lengths an- raknlan-tl per ACI IMSM-^f.. S<riion I'J.IH 

.\. 1i>p WWF is hoii/ntnal WWF with more than 'MM mm .•I'dMinvic , :»m h,lou- thr WW J . 
:». lot lightweight agj*M;i<:iU- omciru-, ninliiplv ih«- tahiil.iu-*! v.«hu> Uv I :\ 
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34— TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR PLAIN WELDED 

(ACI 318M, Metric Values) 



Wire 
Size 


Wire 
Spacing 


Developm 
102 


ent Length (mm) 
152 


per Cross Wire S( 
203 


racing (mm) 
305 


Lap Splic 
102 


:e Length (mm) p 


er Cross Wire Sp«' 


acing (mm) 


MW3 
to 

MW 36 
MW39 


102 
152 
305 


150 
150 
150 


150 
150 
150 


150 
150 
150 


150 
150 
150 


150 
150 
150 


152 
150 
150 
150 


203 
210 
210 
210 


305 
310 
310 
310 


MW52 


102 
152 
305 


150 
150 
150 


150 
150 
150 


150 
150 
150 


150 
150 
150 


"~ 160 
150 
150 


160 
150 
150 


210 
210 
210 


310 
310 
310 




102 
152 
305 


150 
150 
150 


I -J50 
150 
150 


150 
150 
150 


150 
150 

| 150 


210 
150 
150 


210 
150 
150 


210 
210 
210 


310 
310 
310 


MW65 


102 
152 
305 


180 
150 
150 


180 
150 
150 


1 on 
150 
150 


180 
150 
150 


270 
180 
150 


270 
180 
150 


270 
210 
210 


310 
310 
310 


MW77 


102 
152 
305 


210 
150 
150 


210 
150 
150 


210 
150 
150 


210 
150 
150 


320 
210 
150 


320 
210 
150 


320 
210 
210 


320 
310 
310 


MW90 
MW103 


102 
152 
305 


250 
170 
150 


170 
150 


250 
170 
150 


250 
170 
150 


370 
250 
150 


370 
250 
150 


370 
250 
210 


370 
310 
310 




102 
152 
305 


280 
190 
150 


?fln 
190 
150 


280 
190 
150 


280 
190 
150 


430 
290 
150 


430 
290 
150 


430 
290 
210 


430 
310 
310 


MW116 


102 
152 
305 


320 
210 
150 


'ion 
210 
150 


320 
210 
150 


320 
210 
150 


480 
320 
160 


480 
320 
160 


480 

320 
210 


480 
320 
310 


MW129 


102 
152 
305 


360 
240 
150 


ot)U 

240 
150 


360 
240 
150 


360 
240 
150 


530 
360 
180 


530 
360 
180 


530 
360 
210 


530 
360 
310 


MW142 


102 
152 
305 


390 
260 
150 


^on 
260 
150 


390 
260 
150 


390 
260 
150 


590 
390 
200 


590 
390 
200 


590 
390 
210 


590 
390 
310 


MW155 


102 
152 
305 


430 
290 
150 


43U 

290 
150 


430 
290 
150 


430 
290 
150 


640 
430 
210 


640 
430 
210 


640 
430 
210 


640 
430 
310 


MW168 


102 
152 
305 


460 
310 
150 


310 
150 


460 
310 
150 


460 
310 
150 


690 
460 
230 


690 
460 
230 


690 
460 
230 


690 
460 
310 


MW181 


102 
152 

305 


500 
330 
170 


500 
330 
170 


500 

330 ! 
170 


500 

330 | 
170 


750 
500 
250 


750 
500 
250 


750 
500 
250 


750 
500 
310 


MW194 


102 
152 
305 


530 
360 
180 


530 
360 
180 


530 
360 
180 


530 
360 
180 


800 
540 
270 


800 
540 
270 


800 
540 
270 


800 
540 
310 


MW200 


102 
152 
305 


550 
370 
180 


550 
370 
180 


550 
370 
180 


550 
370 
180 


830 
550 
280 


830 
550 
280 


830 
550 
280 


830 
550 
310 


MW290 
Notes: 


102 
152 
305 


800 
540 
270 


800 
540 
270 


800 
'540 
270 


800 
' 540 

270 


1200 
800 
400 


1200 
800 
400 


1200 
800 

400 I 


1200 

800 i 
400 



iiftih of SKf. Mh, (smaller ,!,;,„ si, C MWH) or 4f,0 Ml', (size MVV8 and | arRcr , , m , 28 M 

IniRilis :m- calo.la.cd per ACI 3IHM-9;.. Sections 1 2.8 ami l'2.|<>. rcspcclivdv. 
> :ismmi.c<I io I* less .Ik... ,w,<r ,| K . aiva <,l sted k^ u .,<<I (ACI UHM-Ofi. Scriion |_> I'l |). 
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TABLE 35 — TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR BARS 
MULTIPLES OF BAR DIAMETER (ACI, SECTION 1 2.2.2) 



(a) f± = 3000 psi [21 MPa] 



Bar Sizes 


Lap 
Class 


Uncoated 


Epoxy-Coated 


Tc 


>P 


Other 


Top 


Other 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3-#6 
[#10-#19] 


A 


57d 


86d 


44d 


66d 


75d 


112d 


66d 


99d 


B 


74d 


112d 


57d 


86d 


97d 


146d 


86d 


129d 


#7-#18 
[#22-#57] 


A 


71d 


107d 


55d 


82d 


93d 


140d 


82d 


124d 


B 


93d 


139d 


71d 


107d 


122d 


182d 


107d 


161d 



(b) f£ = 4000 psi [28 MPa] 



Bar Sizes 


Lap 
Class 


Uncoated 


Epoxy-Coated 


Top 


Other 


Top 


Other 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3-#6 
[#10-#19] 


A 


50d 


74d 


38d 


57d 


65d 


97d 


57d 


86d 


B 


64d 


97d 


50d 


74d 


84d 


126d 


74d 


111d 


#7-#18 
[#22-#57] 


A 


62d 


93d 


48d 


71d 


81d 


121d 


71d 


107d 


B 


80d 


121d 


62d 


93d 


105d 


158d 


93d 


139d 


(c) £ = 500 


0 psi [35 MPa] 






Bar Sizes 


Lap 
Class 


Uncoated 


Epoxy-Coated | 


Top 


Other 


Top 


Other 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3-#6 
[#10-#19] 


A 


44d 


66d 


34d 


51d 


58d 


87d 


51d 


77d 


B 


58d 


86d 


44d 


66d 


75d 


113d 


66d 


100d 


#7-#18 
[#22-#57] 


A 


55d 


83d 


43d 


64d 


72d 


109d 


64d 


96d | 


B 


72d 


108d 


55d 


83d 


94d 


141d 


83d 


125d 



Notes: 

1. ACI 318/318M-95 facilitates expressing tension development lengths and tension lap splice lengths as multiples of bar diameters (d). Table presents these values, for 
various concrete strengths, for both uncoated and epoxy-coatcd bars. Since metric bars are soft-metric convened from inch-pound bars, table is applicable for either sys- 
tem of units. 

2. Tabulated values are based on Grade 00 {420] reinforcing bars. 

3. Tension lap splice lengths arc calculated per AC! 31&'3 J8M-95, Section 12.2.2. Tabulated values lor beams or col.inm> are based on transverse reinforcement and con- 
crete cover meeting minimum Code requirements. 

4. Cases 1 and 2, which depend on the type of structural element, concrete cover, and the ceniei -lo-ccntcr spacing of the bars, are defined as: 



Beams or 
Columns: 



AH Others: 



Case I : 
Case 2: 



Cover at least 1 .0 <fy and c.-c. spacing at least 2.0 d h 
Cover less than 1.0 d (l or c-c. spacing less than 2.0 d b 



Case I : 
Case 2: 



. to = 1.3 P,y (ACI 3 1.S/3 ISM S<-<ii< 



in I2.1!i.l). 



Cover at least 1.0 d^ and c.-c. spacing at least 3.0 d b 
Cover less than 1 .0 d f) or c.-c. spacing less than 3.0 d h 

l.ap splice lengths are multiples of tension development lengths: Class A = 1.0 and Cla 
ACI 3l8/3l8M-<)fj docs not allow tension lap splices of #14 or #18 |#43 or #. r >7) bats, 
lop bars arc horizontal bars with more than 12 in. (300 nun] of conn etc cast below H«e bars. 
For lightweight aggregate concrete, multiply the tabulated values by 1.3. 

Kor epoxy-coatcd bars. >f the bar c.-c. spacing is at least 7.0 d b and the concrete cover is at least 3.0 d h , tin-.. Case I Irngths niav be multiplied by 0.<) 1 » (for top bars) or 
O H (for othei bars). 
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TABLE 35 (CONT.)-TENSION DEVELOPMENT AND LAP SPLICE LENGTHS FOR BARS 
MULTIPLES OF BAR DIAMETER (ACL SECTION 12.2.2) 



(d) £ = 6000 psi [42 MPa] 





Lap 


Una 


Dated 


Epoxy-Coated 


Bar Sizp^ 


Class 


T( 




Other 


Top 


Other 






Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3-#6 
[#10-#19] 


A 


40d 


61d 


31d 


47d 


53d 


79d 


47d 


70d 


D 
D 


53d 


79d 


40d 


61d 


69d 


103d 


61d 


91d 


#7-#18 
[#22-#57] 


A 


51d 


76d 


39d 


58d 


66d 


99d 


58d 


87d 


B 


66d 


99d 


51d 


76d 


86d 


129d 


76d 


114d 


(e) £ = 700C 


\ psi [49 M 


Pa] 








Bar Sizes 


Lap 
Class 


Uncoated 


Epoxy-Coated 


Tc 


>P 


Other 


Top 


Other 






Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3-#6 
[#10-#19] 


A 


37d 


56d 


29d 


43d 


49d 


73d 


43d 


65d 


B 


49d 


73d 


37d 


56d 


64d 


95d 


56d 


84d 


#7-#18 
[#22-#57] 


A 
B 


47d 
61d 


70d 
91d 


36d 
47d 


54d 
70d 


61d 
80d 


92d 
119d 


54d 
70d 


81d 
105d 



(f) 8000 psi [56 MPa] 



Bar Sizes 


Lap 

Class 


Uncoated 


Epoxy-Coated 


Tc 


>P 


Other 


Top 


Other 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


Case 1 


Case 2 


#3-#6 
[#10~#19] 


A 


35d 


53d 


27d 


40d 


46d 


69d 


40d 


61d 


B 


46d 


68d 


35d 


53d 


60d 


89d 


53d 


79d 


#7-#18 
[#22-#57] 


A 


44d 


66d 


34d 


51d 


57d 


86d 


51d 


76d 


B 


57d 


85d 


44d 


66d 


74d 


112d 


66d 


98d 



Notes: 



L -!o^^ £ ~ * ^hs as nn.up.es of bar dtanteter, «. lab.e presents ,h«e va.ues. for 

can o. units. ** M*>-co,ud bars. We memc bars arc soh-memc convened (Von, inch-pound bars, .able is applicable lor cither svs- 

'-». Tabulated values arc based on ( aadc (Ml (-120] reinforcing bars. 

" — '<« — «*■"«« - on transverse reinvent,,, and con- 

I- Cases 1 and 2. uh.ch depend on ,1,e , M , o. s.rucura. clcn.cn, concre.e cover ;,,„, ,l„. een,er-«o-cen<er spac.n, of , he bars, are defined as: 

Beams or C.w 1 : Cover at least j .0 ,/,, and c.-c. spatinj. a, least 2.0 rf A 

Columns: ( - ( : 0 ve, le ss 1 .0 ,/,, or c.-c. spaemj. less dun 2.0 ',/,, 



All Others: ( ; ;iS c I : Cover :.< lc:.s, ] .(, and c.-c. >p:« .u f . at least 3.0 ,/,, 

Case 2: Cover h-ss i!i:im 1.0,/,, or c.-c. sp;,< in S less (ban \U\ tl fl 

f ; ^ ; p, ; cc ,t,w,,s :,,v u ^ ^<>i— u... R ^ : c^ A = i.<, .„,d cu K = « ,< .. ^ism,*. s, ,., „ , , 

(». ac. i :t!s/:iis\i-<»r, d« KS MOI ;iM<m u . llMon L(| , M ,i UV!> o( # ,., (M . # 1S |#.n # - l7 | l);ns 

7. Top b;„s are hori,on,al bar b more ,!,,„ ,2 in. |:«K) ol <on<rc.c cast bclou ,h, bars. 

S. hu ligliiuvi K 1ii aj. j- legale ion, rcic. mnltiplv die iab«laie<l v:,lucs |« | < 

" zr:::^iT'''' u,, '" i ^ ^ ^.™ < .,,,-,.,, 1 ,,.: t , l , / ,,,,,, (:; , M . 11< ,, K11 u M) . JW(h 
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3.2 MECHANICAL SPLICES 

Types of Mechanical Splices 

Three basic types of mechanical splices are considered 
in this publication: (I ) the "tension-compression" mechani- 
cal splice: (2) the "compression-only" mechanical splice 
which is also known as the 'end-bearing'' mechanical splice; 
and (3) the "tension-only" mechanical splice. The 'tension- 
compression" mechanical splice can resist both tensile and 
compressive forces. Dowel bar mechanical splices are 
included in this category. 

Terminology 

Terminology used in this publication is defined as fol- 
lows: 

End-Bearing Sleeve — Device fitting over the abutting 
ends of two reinforcing bars for the purpose of assuring 
transfer of only axial compression from one bar to the 
other. 

Coupler — Threaded device for joining reinforcing bars 
for the purpose of providing transfer of either axial com- 
pression or axial tension or both from one bar to the other. 

Coupling Sleeve — Non-threaded device fitting over the 
ends of two reinforcing bars for the eventual purpose of 
providing transfer of either axial compression or axial ten- 
sion or both from one bar to the other. 

Mechanical Splice — The complete assembly of an end- 
bearing sleeve, a coupler, or a coupling sleeve, and possibly 
additional intervening material or other components to 
accomplish the splicing of reinforcing bars. 

Bar-End Check — A check of the ends of reinforcing bars 
to determine whether they fit die devices intended for splic- 
ing the bars. 

Tension-Compression Mechanical Splices — The ACI 
Building Code requirement diat full mechanical splices 
develop in tension or compression, as required, 125 percent 
of the specified yield strength of the reinforcing bars usual- 
ly controls design of the proprietary mechanical splice. 
Resistance of proprietary mechanical splices to fatigue, 
stress reversal, dynamic load, long-term creep, and other 
special conditions may vary. Test data should be secured for 
specific performance information for the proprietary 
mechanical splices considered. 



Coated Reinforcing Bars 

Reinforcing bars can have a coaling of epoxv or zinc 
(galvanized) lor use as a corrosion-protection svsiein. 
Mechanical splices ol coated reinforcing bars are made with 
proprietary mechanical splices in a similar way as for 
uncoated bars. To properly install some types of coupling- 
sleeves on coaled bars, the coating has to be completely 
removed from the ends ol the bars over the length of the 
sleeve. Information on preparation of coaled bars for instal- 
lation of proprietary mechanical splices is presented in 
Tables 1 and 2. 

After installation of mechanical splices on epoxy-coated 
reinforcing bars, the sleeves and any damaged coating on 
the bars adjacent to the sleeve should be touched up with 
compatible patching material. Typically, there will be provi- 
sions in the project specifications requiring such touch-up 
of the sleeves and repair of damaged coating — for exam- 
ple, see Section 3 in the ACI 301 Specifications.* 

It should be realized that any removal or patching of 
coatings be done in a well-ventilated area to prevent breath- 
ing of toxic fiimes. 



Tension-Compression Mechanical Splices 

Descriptions of proprietary tension-compression 
mechanical splices follow. Additional information is pre- 
sented in Table 36(a) through 36(n). For a list of manufac- 
turers, see Appendix C. 



* • ■ . 

'Standard Specifications lor Structural Concrete (A(.l '.W\ -'.)<">). 
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Cold-Swaged Coupling Sleeve 




Fig. 5(a)- BarSpUce F/g. 5(b)-Richmond 



The cold-swaged steel coupling sleeve uses a seamless 
steel tube and a portable hydraulic press with special dies. 
Rebars to be spliced are inserted equal distances into the 
tube. The press is used to deform the tube around the ends 
of the rebars to produce positive mechanical interlock. Bars 
may be shear cut, flame cut, or saw cut, however, a bar-end 
check is recommended. Different rebar sizes can be spliced 
with this system. Optional details permit use as end anchors 
or connections to structural steel members. Special extra 
long sleeves are required for splicing epoxv-coatcd rebars. 



46 



SECTION 3— Methods of Splicing 



Table 36(a)— Tension-Compression Mechanical Splices 





uescnpuon 


Cold-Swaged Coupling Sleeve 


IVIdl lUidUlUI til 


BarSplice 


Richmond 




f-im iro 
nyui c 


5(a) 


5(b) 


Units 




in. 


mm 


in. 


mm 


Coupling sleeve/splice 


Dal Idllyt; 


#3 -#18 


#10 -#57 


#4-#18 


#13 -#57 


(^nnnppf<i Hiffprpnt har ci7oc9 

1 1 IColo UMiCldll Udl 0IZ.C0 : 


Yes 


Yes 


Yes 


Yes 


#18 [#57] coupling 
sleeve/splice 
installation 
requirements 


(* lop r enorp hphA/oon cxr\\ar*c±r\\ cr\\\r*ac 
v^/ic-al ojJaOC UClWCcll dUJdOclll opilOCo 


2.63 


67 


2.75 


70 


Minimum Hnvu^l nrnifantinn 


12.00 


305 


12.00 


305 


Olt?tJVc itMiyin 


12.00 


305 ! 


12.00 


305 


ivioa.1i 1 iui 1 1 oiccvc uidllldd 


3.75 


95 


3.75 


95 


#14 [#43] coupling 
sleeve/splice 
installation 
requirements 


^'Cai o^aU: UclWccll dUJdOcflll bpilCfcJS 


2.63 


67 


2.75 


70 


Minimi im r\c\\Kfa\ r\rf\i£±r*\\r\r\ 

ivni 111 1 iui 1 1 uuwci piujt^ouon 


9.25 


235 


9.25 


235 


oieeve lengin 


8.75 


222 


8.75 


222 


ivioAiiiiuiii oieeve □lauieier 


2.88 


73 


3.00 


76 


#11 [#36] coupling 
sleeve/splice 
installation 
requirements 


witjai bfjdut; uciween aajaceni splices 


1.63 


41 


2.00 


51 


Minimum Hrt\A/£il nrr\i£i/" v fi/"M-> 

iviii 111 1 iui 1 1 uuwtii piujtTOiiun 


7.50 


191 


7.50 


191 


oieeve lengin 


6.88 


175 


6.88 


175 


ividAiiiiurn sieeve uiameier 


2.38 


60 


2.50 


64 


#8 [#25] coupling 
sleeve/splice 
installation 
requirements 


^it?di bpdoe ueiween aajaceni splices 


1.63 


41 


2.00 


51 


Minimum f\r/"\!/**/^»4 , J/ , "»ri 

minimum uowei projection 


5.75 


146 


5.75 


146 


oieeve lengin 


5.00 


: 127 


5.00 


127 


ividXimum sieeve oiameier 


1.75 


44 


1.75 


44 


Bar end preparation 


Cut square within V/2 0 ? 


No 


No 


No 


No 


Special cleaning? 


No 


No 


No 


No 


Pre-drying/heating? 


No 


No 


No 


No 


Thread cutting? 


No 


No 


No 


No 


Bar-end check? 


Yes 


Yes 


Yes 


Yes 


Special coating removal (epoxy, zinc)? 


No 


No " 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes <<#10) 
No (>#9) 


Yes (<#32) 
No (>#29) 


No 


No 


Special tools required? 
1 : \ 


Yes 


Yes 


Yes 


Yes 
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SECTION 3— Methods of Splicing 



Cold-Swaged Threaded Coupling 





Fig. 6—BarSplice 



Hie cold-forged threaded coupler consists of pre- 
threaded male and female components. Hie components 
are swaged onto the rebars using a bench press or a 
portable hydraulic press with special dies. No threads are 
required on the bar ends. Splicing of the rebars is complet- 
ed by threading one pre-threaded component into the 
other. A three-piece position coupler is available for splic- 
ing betii or curved bars thai cannot be rotated. Optional 
details include transition splices, connectors lor structural 
steel members, end anchors, and Hangc splices with nail 
holes. I breads are sealed and protected for future exten- 
sion applications. Special extra long sleeves are required for 
splicing epoxy-coated rebars 
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SECTION 3— Methods of Splicing 



Table 36(b) — Tension-Compression Mechanical Splices 





Description 


Cold-Swaged 
Threaded Coupling 




Manufacturer 


BarSplice 




Figure 


6 


Units 




in. 


mm 




Bar size range 


#3 - #18 


#10 - #57 

IT 1 \J Tl\J 1 


Coupling sleeve/splice ■ 


Connects different bar sizes? 


Yes 


Yes 




Clear space between adjacent splices 


1.50 


38 


#18 [#57] coupling 
sleeve/splice 


Minimum dowel projection 


0 


0 


insiaiiaiion 
requirements 


Sleeve length 


14.00 


356 




Maximum sleeve diameter 




90 


#14 [#43] coupling 
sleeve/splice 

insianaiion 
requirements 


Clear space between adjacent splices 


1 00 


25 


Minimum dowel projection 


0 


n 
\j 


Sleeve length 


11.25 


286 


Maximum sleeve diameter 


? 6^ 


67 


#11 [#36] coupling 
sleeve/splice 

insiaiiauon 
requirements 


Clear space between adjacent splices 


1 no 




Minimum dowel projection 


n 

u 


n 


Sleeve length 


Q 7^ 




Maximum sleeve diameter 


jC.OO 


fin 


#8 [#25] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


n 7^ 


1 cJ 


Minimum dowel projection 


n 
U 


A 

u 


Sleeve length 


6.75 


171 


Maximum sleeve diameter 


1.75 


44 


Bar end preparation 


Cut square within IV2 0 ? 


No 


No 


Special cleaning? 


No 


No 


Pre-drying/heating? 


No 


No " 


Thread cutting? 


No 


No 


Bar-end check? 


Yes 


Yes 


Special coating removal (epoxy, zinc)? 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes 


Yes 


Special tools required? 
J_ 1 


No 


No 
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SECTION 3— Methods of Splicing 



Combination Grout-Filled/Threaded Sleeve 




Fig. 7(a) — Erico 




Fig. 7(b) — Richmond 



This type of mechanical splice combines two common 
mechanical splicing techniques. One end of the sleeve is 
attached and secured to a rebar by means of threading. The 
splice is then completed when the other rebar end is insert- 
ed inio ihe sleeve and the space between the rebar and the 
sleeve is filled with high-strength grout. The wide mouih 
opening of the sleeve allows for transitioning between dif- 
ferent rebar sizes, as well as minor rebar misalignment. 
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SECTION 3— Methods of Splicing 



Table 36(c) — Tension-Compression Mechanical Splices 





Description 


Combination Grout-Filled/Threaded Sleeve 




Manufacturer 


Erico 


Richmond 




Figure 


7(a) 


7(b) 


Units 




in. 


mm 


in. 


mm 




Bar size range 


#6 -#18 


#19 -#57 


#3 -#18 


#10 -#57 


Coupling sleeve/splice - 


Connects different bar sizes? 


Yes 


Yes 


Yes 


Yes 




Clear space between adjacent splices 


2.25 


57 


2.25 


57 


#18 [#57] coupling - 
sleeve/splice 


Minimum dowel projection 


14.75 


375 


17.00 


432 


installation 


Sleeve length 


20.25 


514 


23.00 


584 


requirements 


Maximum sleeve diameter 


4.50 


114 


4.50 


114 




Clear space between adjacent splices 


2.00 


51 


2.00 


51 


#14 [#43] coupling 
sleeve/splice 


Minimum dowel projection 


11.00 


279 


11.00 


279 


installation 
requirements 


Sleeve length 


15.00 


381 


19.50 


495 


Maximum sleeve diameter 


3.69 


94 


3.50 


89 


#11 [#36] coupling 
sleeve/splice 


Clear space between adjacent splices 


1.75 


44 


1.50 


38 


Minimum dowel projection 


8.50 


216 


9.25 


235 


installation 
requirements 


Sleeve length 


11.63 


295 


13.75 


349 


Maximum sleeve diameter 


3.13 


79 


3.00 


76 


#8 [#25] coupling 
sleeve/splice 


Clear space between adjacent splices 


1.50 


38 


1.00 


25 


Minimum dowel projection 


6.00 


152 


6.50 


165 


installation 
rpauirements 


Sleeve length 


8.63 


219 


11. OU 


zyz 


Maximum sleeve diameter 


2.69 


68 


3.00 


76 




Cut square within 1 V2 0 ? 


No 


No 


No 


No 




Special cleaning? 


No 


No 


No 


No 


Bar end preparation 


Pre-drying/heating? 


No 


No 


No 


No 


Thread cutting? 


Yes + 


Yes + 


No ++ 


No ++ 




Bar-end check? 


No 


No 


No 


No 




Special coating removal (epoxy, zinc)? 


No 


No 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes 


Yes 


Yes 


Yes 


Special tools required? 

* 


Yes 

(Grout Pump 


Yes 
(Groul Pump 


Yes 
) (Grout Pump 


Yes 

) (Grout Pump) 



Bar end threading normally done by Bar Fabricator. 
"*"oar end threaded by Splice Manufacturer. 
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SECTION 3— Methods of Splicing 



Coupler for Thread-Deformed Rebars 




This is a mechanical splice which requires special rebars 
with thread-like rolled deformations meeting AS TM A6I5 
over their entire length. Splices are assembled will* lock 
nuts and threaded couplers and the nuts are tightened to a 
specified torque. Alternatively, the lock nuts can be omitted 
when the rebars can be torqued together. Adaptations per- 
mit use for end anchorages in concrete or connection to 
structural steel members. Rebars mav be (lame or saw cut 
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SECTION 3— Methods of Splicing 



Table 36(d) — Tension-Compression Mechanical Splices 



t 





Dp^rrintion 


Coupler For Thread- 
Deformed Rebar* 




Manufacturer 


DSI 




Figure 


8 


Units 




in. 


mm 
f 1 li 1 1 




Bar size range 


iffi if i ft 
ft D - ft I O 


if1Q - ifV7 
It 1 i7 - ft D f 


Coupling sleeve/splice 


Connects different bar sizes? 


res 


Voc 1 

yes 


#18 [#57] coupling 


Clear space between adjacent splices 


O.DU 




sleeve/splice 


Minimum dowel projection 






installation 


Sleeve length 


9.35 + 


237 + 


requirements 


Maximum sleeve diameter 


o.ou 


on 




Clear space between adjacent splices 


Z../0 


70 
1 u 


#14 [#43] coupling 
sleeve/splice 
installation 
requirements 


Minimum dowel projection 


3.55 


90 


Sleeve length 


7.82 + 


199 + 


Maximum sleeve diameter 


2.65 


67 


#11 [#36] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


2.25 


57 


Minimum dowel projection 


2.88 


73 


Sleeve length 


6.37 + 


162 + 


Maximum sleeve diameter 


2.25 


57 


#8 [#25] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


1.60 


41 


Minimum dowel projection 


1.85 


47 


Sleeve length 


4.03 


102 


Maximum sleeve diameter 


1.59 


40 


Bar end preparation 


uui square wunin 1 72 r 


Yes. for compression only* 


Special cleaning? 


No 


No 


Pre-drying/heating? 


No 


No 


Thread cutting? 


No 


No 


Bar-end check? 


No 


No 


Special coating removal (epoxy, zinc)? 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes (<#14) 
No (>#11]) 


Yes (<#43) 
No (>#36) 


Special tools required? 


Yes (<#14) 
No (>#11) 


Yes (<#43) 
No (>#36) 



*For Oradc 7fi |520] rcbar, uliimaic Ur<\<\ capacity coupler. 
+ Wheu used wiihoul lock inns. 



53 



SECTION 3— Methods of Splicing 



Coupling Sleeve With Wedge 




Designed primarily for splicing smaller bars, sizes #3 
through #6 [#10 through #19], the coupling sleeve is oval 
in cross-section permitting the overlapping of two rebars of 
the same diameter in the sleeve. Each rebar extends out of 
the sleeve about one bar diameter. After the sleeve is cor- 
rectly positioned, a wedge-shaped round pin is driven 
through a hole in the Hat face of the sleeVe. The wedge 
passes between the rebars and extends through a hole 
opposite the hole of insertion. The wedge pin is driven with 
a hand-held hydraulic ram. For splicing epoxy-coated 
rebars, two couplings in tandem are required. 
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SECTION 3— Methods of Splicing 



Table 36(e) — Tension-Compression Mechanical Splices 





Description 


Coupling Sleeve with Wedge 




Manufacturer 


Erico 


SSNA 




Figure 


9(a) 


9(b) 


Units 




in. 


mm 


in. 


mm 




Bar size range 


#3 -#6 


#10 - #19 


#3 -#6 


#10 -#19 


Coupling sleeve/splice - 


Connects different bar sizes? 


Yes 


Yes 


No 


No 




Clear space between adjacent splices 


1.50 


38 


1.66 


42 


#6 [#19] coupling 
sieeve/spuce 


Minimum dowel projection 


3.00 


76 


4.65 


118 


installation 
requirements 


Sleeve length 


2.75 


70 


3.15 


80 




Maximum sleeve diameter 


2.38 


60 


2.52 


64 




Clear space between adjacent splices 


1.69 


43 


1.50 


38 


#5 [#16] coupling 
sleeve/splice 


Minimum dowel projection 


2.75 


70 


3.61 


92 


installation 
requirements 


Sleeve length 


2.25 


57 


2.36 


60 


Maximum sleeve diameter 


1.94 


49 


1.97 


50 


#4 [#13] coupling 
sleeve/splice 


Clear space between adjacent splices 


1.69 


43 


1.26 


32 


Minimum dowel projection 


2.56 


65 


2.58 


66 


installation 
requirements 


Sleeve length 


1.88 


48 


1.58 


40 


Maximum sleeve diameter 


1.69 


43 


1.54 


39 


#3 [#10] coupling 
sleeve/splice 


Clear space between adjacent splices 


1.69 


43 


1.26 


32 


Minimum dowel projection 


2.56 


65 


2.63 


67 


installation 
requirements 


Sleeve lenath 


1.88 


48 


1.38 


35 


Maximum slppve diameter 


1.50 


38 


1.18 


30 




Cut square within 1 Y2 0 ? 


No 


No 


No 


No 




Special cleaning? 


No 


No 


No 


No 


Bar end preparation 


Pre-drying/heating? 


No 


No 


No 


No 


Thread cutting? 


No 


No 


No 


No 




Bar-end check? 


No 


No 


No 


No 




Special coating removal (epoxy, zinc)? 


No 


No 


No 


No 


Installation tools 

> 


Hand held tools adequate? 


No 


No 


No 


No 


Special tools required? ; 


Yes 

(Wedge Driver 


Yes 

(Wedge Driver; 


Yes 

(Wedge Driver 


Yes 

(Wedge Driver) 
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SECTION 3— Methods of Splicing 



Extruded Coupling Sleeve 



Fig. 10—DSI 



This type of mechanical splice is produced by cold 
extruding a coupling sleeve over both rebar ends in one 
operation. The coupling sleeve is then centered over the 
butted rebar ends and is connected to one bar by tighten- 
ing a setscrew. A hydraulic press, designed to fit in between 
closely-spaced rebars, then pushes a drawing die over the 
entire length of the coupling sleeve. The coupling materi- 
als How tightly around the rebar deformations which creates 
a splice. t ' 

Extruded transition coupling sleeves for splicing two dif- 
ferent size reinforcing bars are also available. Rebars may be 
shear cut, flame cut or saw cut. however, a bar-end check is 
recommended. 
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SECTION 3— Methods of Splicing 



Table 36(f) — Tension-Compression Mechanical Splices 





Description 


Extruded Coupling 
Sleeve 




Manufacturer 


DSI 




Figure 


10 


Units 




in. 


mm 


Cmmlinn ^IppvpMnlicp - 


Bar size range 


#5 - #18 


#16 -#57 




Connects different bar sizes? 


Yes 


Yes 


4+4 Q \4±GrT\ r^m mlinn 


Clear space between adjacent splices 


5.94 


151 


tt- \ o [fro/ j coupling 
sleeve/splice 


Minimum dowel projection 


20.50 


521 


installation 
requirements 


Sleeve length 


13.44 


341 




Maximum sleeve diameter 


3.74 


95 




Clear space between adjacent splices 


4.50 


114 


tf iTr*toj coupling 
sleeve/splice 


Minimum dowel projection 


17.31 


440 


installation 
requirements 


Sleeve length 


9.44 


240 


Maximum sleeve diameter 


2.83 


72 


1 1 [TFooj coupling 
sleeve/splice 


Clear space between adjacent splices 


4.50 


114 


Minimum dowel projection 


17.31 


440 


installation 
rpauirements 


Sleeve length 


7.81 


198 


Maximum sleeve diameter 


2.56 


65 


ffo l#25J coupling 
sleeve/splice 


Clear space between adjacent splices 


3.19 


81 


Minimum dowel projection 


10.25 


260 


installation 

i 1 fcJLJUU fc!I 1 itJI Ilo 


Sleeve length 


5.56 


141 


Maximum sleeve diameter 


177 


45 ! 




Cut square within 1 1 / 2 °? 


No 


No 




Special cleaning? 


No 


No 


Bar end preparation 


Pre-drying/heating? 


No 


| No 


Thread cutting? 


No 


No 




Bar-end check? 


Yes 


Yes 




Special coating removal (epoxy, zinc)? 


No 


No 


Installation tools • 


Hand beld tools adequate? 


No 


No 


Special tools required? 


Yes 


Yes 
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SECTION 3— Methods of Splicing 



Grout-Filled Coupling Sleeve 




Fig. 11—SSNA 



The double-frustrum-shaped coupling sleeve is filled 
with a cement-based, nonshrink, high-early strength grout. 
Rebars to be spliced are inserted into the sleeve to meet at 
the center of the sleeve. The space between rebar and sleeve 
is filled with nonshrink grout to transfer stress between; the 
external deformations on the rebar and internal deforma- 
tions in the sleeve. No special end preparation of the rebars 
is required. The relatively wide sleeves also can accommo- 
date minor rebar misalignments, and combinations of dif- 
ferent size rebars. 
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SECTION 3— Methods of Splicing 




Table 36(g) — Tension-Compression Mechanical Splices 



ci 





Description ■ 


Grout-Filled 
Coupling Sleeve I 




Manufacturer 


SSNA 




Figure 


11 


Units 




in 
III. 


mm 


Coupling sleeve/splice 


Bar size range 


#1 if 1ft 


#1 n - #S7 

Tr 1 U frOi 




Connects different bar sizes? 


Vqc 

ICO 


Yp<; 

1 CO 




Clear space between adjacent splices 


1 nn 

I .UU 


9^ 


#18 [#57] coupling 
sleeve/splice 


Minimum dowel projection 


17 nn 


4^9 


insiaiiaxion 
requirements 


Sleeve length 


^fi 99 


Q9n 




Maximum sleeve diameter 


A 79 


i9n 

I ZU 


#14 [#43] coupling 
sleeve/splice 


Clear space between adjacent splices 1 


1 nn 

1 .UU 


9^ 


Minimum dowel projection 


11 49 


9Q0 


installation 
requirements 


Sleeve length 


94 A1 


R9n 

UZ.U 


Maximum sleeve diameter 




ftft 
oo 


#11 [#36] coupling 
sleeve/splice 


Clear space between adjacent splices 


1 nn 

I .UU 


9^ 
ZD 


Minimum dowel projection 


ft OP 


ZZO 


insiaiiaiion 
j requirements 


Sleeve length 


1 Q ylO 




Maximum sleeve diameter 


O.UO 


"77 


#8 [#25] coupling 
sleeve/splice 


Clear space between adjacent splices 


I.Uu 


ZD 


Minimum dowel projection 


6.50 


165 


installation 
requirements 


Sleeve length 


14.57 


370 


Maximum sleeve diameter 


2.48 


63 




Cut square within 1 1 / 2 °? 


No 


No 




Special cleaning? 


No 


No 


Dai ciiu \Ji cjpoi a itui i 


Pre-drying/heating? 


No 


No 


Thread cutting? 


No 


No 




Bar-end check? 


No 


No 




Special coating removal (epoxy, zinc)? 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes 


Yes 


Special tools required? 


Yes 

(Grout Pump)" 


Yes 

(Grout Pump) 
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SECTION 3— Methods of Splicing 



Hot-Forged Coupling Sleeve 




Fig. 12— Harris 



This is a mechanical splice which uses a specially 
machined sleeve. The sleeve is heated to a malleable tem- 
perature and fitted over the end of one rebar. The second 
rebar end is inserted into the hot sleeve. A portable 
hydraulic forge forces the sleeve's inner wall onto 'and 
around the deformations on the rcbars. Contraction of the 
sleeve upon cooling causes additional bond which provides 
increased tensile strength to the splice. Rcbars may be shear 
cut, flame cut. or saw cut, however, a bar-end check is rec- 
ommended. 
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SECTION 3— Methods of Splicing 



Table 36(h)— Tension-Compression Mechanical Splices 





Description 


Hot-Forged 
Coupling Sleeve 






Harris 


Figure 


12 


Units 




in. 


mm 


Coupling sleeve/splice 


Bar size range 


#5 - #18 


#16 -#57 


Connects different bar sizes? 


Yes 


Yes 




Clear space between adjacent splices 


3.38 


86 


#18 [#57] coupling 
sleeve/splice 


Minimum dowel projection 


Vert.: 18.00 
Horz.: 20.00 


Vert.: 457 
Horz.: 508 


installation 
requirements 


Sleeve length 


9.00 


229 




Maximum sleeve diameter 


3.25 


83 


#14 [#43] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


2.50 


64 


Minimum dowel projection 


Vert: 18.00 
Horz.: 20.00 


Vert.: 457 
Horz.: 508 


Sleeve length 


7.00 


178 


Maximum sleeve diameter 


2.75 


70 


#11 [#36] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


2.13 


54 


Minimum dowel projection 


Vert.: 13.00 
Horz.: 15.00 


Vert.: 330 
Horz.: 381 


Sleeve length 


5.50 


140 


Maximum sleeve diameter 


2.25 


572 


#8 [#25] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


1.50 


38 


Minimum dowel projection 


Vert.: 13.00 
Horz.: 15.00 


Vert.: 330 
Horz.: 381 


Sleeve length 


5.50 


140 


Maximum sleeve diameter 


1.75 


44 


Bar end preparation 


Cut square within IV2 0 ? 


No 


No 


Special cleaning? 


Remove loose particles. 


Pre-drying/heating? 


YeS (Coupler) 


YeS (Coupler) 


Thread cutting? 


No 


No 


Bar-end check? 


Yes 


Yes 


Special coating removal (epoxy, zinc)? 


No 


No 


Installation tools 


Hand held tools adequate? 


No 


No 


Special tools required? 


Yes 


Yes 
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SECTION 3— Methods of Splicing 



Shear Bolt Coupling Sleeve 




Fig. 13(a)— Bar-Lock Fig. 13(b)— BarSplice 



This type of mechanical splice consists of a sleeve with 
shear head bolts. The rebars are inserted to meet at a stop 
at the center of the sleeve and the bolts are tightened. The 
tightening process embeds the cone-pointed bolts into the 
rebars, which also forces the rebars into contact with inter- 
nal gripping rails or with the sleeve interior wall. The heads 
of the bolts shear off at a prescribed tightening torque. The 
bolts can be tightened using a standard wrench or* pneu- 
matic nut driver. For making a splice between two fixed 
rebars, sleeves without a center stop are available, which can 
be slipped onto one rebar and subsequently repositioned 
over the two rebar ends. 
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SECTION 3— Methods of Splicing 



ft 



Table 36(i) — Tension-Compression Mechanical Splices 





Description 


Shear Bolt Coupling Sleeve 




Manufacturer 


Bar-Lock 


BarSplice 




Figure 


13(a) 


13(b) 


Units 




in. 


mm 


in. 


mm 


Coupling sleeve/splice 


Bar size range 


#3 -#18 


#10 -#57 


#3 - #14 


#10 -#43 




Connects different bar sizes? | 


Yes 


Yes 


Yes 


Yes 


#18 [#57] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


0 


0 


N/A 


N/A 


Minimum dowel projection 


13.50 


343 


N/A 


N/A 


Sleeve length 


27.90 


709 


N/A 


N/A 


Maximum sleeve diameter 


4.30 


109 


N/A 


N/A 


#14 [#43] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


0 


0 


1.50 


38 


Minimum dowel projection 


8.00 


203 


10.75 


273 


Sleeve length 


16.50 


419 


21.50 


546 


Maximum sleeve diameter 


3.50 


89 


3.44 


87 


#11 [#36] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


0 


0 


1.38 


35 


Minimum dowel projection 


5.50 


140 


10.75 


273 


Sleeve length 


11.50 


292 


21.50 


546 


Maximum sleeve diameter 


3.10 


79 


2.94 


75 


#8 [#25] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


0 


0 


0.88 


22 


Minimum dowel projection 


3.80 


97 


7.63 


194 


Sleeve length 


8.00 


203 


15.25 


387 


Maximum sleeve diameter 


2.20 


56 


2.19 


56 


Bar end preparation 


Cut square within V/ 2 °? 


No 


No 


No 


No 


Special cleaning? 


No 


No 


No 


No 


Pre-drying/heating? 


No 


No 


No 


No 


Thread cutting? 


No 


No 


No 


No ! 


Bar-end check? 


No 


No 


Yes 


Yes 


Special coating removal (epoxy, zinc)? 


No 


No 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes 


Yes 


Yes 


Yes 


Special tools required? 


No 


No 


No 


No 
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SECTION 3— Methods of Splicing 




Fig. 14 — Erico 



Three types are available: 

a) compression (only) 

b) 125% f y tension-compression 

c) minimum ultimate tensile strength of the rebar 

The steel-filled coupling sleeve is a mechanical splice in 
which molten metal or "steel filler" interlocks the grooves 
inside the sleeve with the deformations on i\ie rebar. Special 
details permit use as end anchors or connections to struc- 
tural steel members. 

Shear cut, flame cut, or saw cut ends can be used as the 
"steel filler" fills the space between the ends of the rebars, 
however, a bar-end check is recommended. 
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SECTION 3— Methods of Splicing 



Table 36(j) — Tension-Compression. Mechanical Splices 



€9 



€ § 





Description 


Steel-Filled 
Coupling Sleeve 




Manufacturer 


Erico 




Figure 


14 


Units 




in. 


mm 


Coupling sleeve/splice 


Bar size range 


#4 -#18 


#13 -#57 




Connects different bar sizes? 


Yes 


Yes 




Clear space between adjacent splices 


3.75 


95 


#18 [#57] coupling 
sleeve/splice 


Minimum dowel projection 


4.88 


124 


installation 
requirements 


Sleeve length 


9.00 


229 




Maximum sleeve diameter 


3.75 


95 


#14 [#43] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


3.00 


76 


Minimum dowel projection 


3.88 


98 


Sleeve length 


7.00 


178 


Maximum sleeve diameter 


3.00 


76 


; #11 [#36] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


2.50 


64 


Minimum dowel projection 


3.38 


86 


Sleeve length 


6.00 


152 


Maximum sleeve diameter 


2.50 


64 


#8 [#25] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


2.25 


57 


Minimum dowel projection 


2.88 


73 


Sleeve length 


5.00 


127 


Maximum sleeve diameter 


1.88 


48 


Bar end preparation 


Cut square within 1 1 / 2 °? 


No 


No 


Special cleaning? 


Remove concrete and loose rusl. 


Pre-drying/heating? 


Yes 


Yes 


Thread cutting? 


No 


No 


Bar-end check? 


Yes 


Yes 


Special coating removal (epoxy, zinc)? 


Yes 


Yes 


Installation tools 


Hand held tools adequate? 


No 


No 


Special topis required? 


Yes 


Yes 
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SECTION 3— Methods of Splicing 



Straight Thread Coupler with Upset Rqfoar Ends 




This is a mechanical splice consisting of forming heads 
on the ends of the rebars to be connected using a hydraulic 
machine from the splice manufacturer, which is designed to 
fit between closely-spaced rebars. The upset rebar ends are 
butted up to each other and are held in place using a male 
and female straight threaded coupler that is positioned 
onto the rebars prior to forming the heads. The coupler is 
installed by turning either the male or female component 
and lightening to the manufacturers recommended torque; 
no rotation of the rebar is required. Bent or curved rebars 
can be spliced with the same device. Adaptations permit use 
for end anchorages in concrete or connection to threaded 
rod. Rebar ends may be sheared, (lame cut or saw cm. 
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REINFORCEMENT 
ANCHORAGES AND SPLICES 

Errata for Fourth Edition, 1997 

(February 1998) 



CRSI 



Concrete Reinforcing Steel Institute 



ASTM STANDARD METRIC 
REINFORCING BARS 



BAR SIZE 


NOMINAL DIMENSIONS 


nPQIf^MATIflkl 
UtoloNAI IUIM 


AREA 
(mm^) 


MASS 
(Kg/m) 


DIAMETER 
(mm) 


#10 


71 


0.560 


9.5 


#10 


129 


0.994 


12.7 


#lb 


199 


1.552 


15.9 


/tin 

#18 


284 


2.235 


19.1 


#11 


387 


3.042 


22.2 


#Z5 


510 


3.973 


25.4 


jx on 

#Z9 


645 


5.060 


28.7 


## no 

#32 


R1Q 

Old 


ii Add 


0L.Q 


#36 


1006 


7.907 


35.8 


#43 


1452 


11.38 


43.0 


#57 


2581 


20.24 


57.3 



The current A615M specification covers bar sizes #43 and #57 in Grade 420, and bar sizes #36, 
#43, and #57 in Grade 520. The current A706 specification also covers bar sizes #43 and #57. 
Bar sizes #43 and #57 are not included in the A616M and A617M specifications. 



Errata for Reinforcement Anchorage and Splices, Fourth Edition, 1997 



Page 18, Table 10— Title of lable is in error; Table 10 is 
for epoxy-coated bars, rather than uncoated bars. 

Page 45 — First paragraph in right column, last sentence; 
the reference at the end of the sentence should be to Tables 
36(a) through 36(n) and 37, not 1 and 2. 

Page 54 — Last sentence should be removed. Either line- 
out the last sentence or use enclosed sticker to completely 
replace paragraph. 

Page 62, Fig. 13(b) — Photo shown is not representative of 
BarSplice's device. Replace with following: 




Fig. 13(b)— BarSplice 



Page 69, Table 36(1)— Fox-Howleti device, #8 coupling; 
the maximum sleeve diameter is 1.31 in., not 131 in. 

Page 72 — Illustration for Meadow Steel Products device 
was inadvertently excluded. Add following figure: 



r 






Hi* 




;* \ % 1 * \ 


L 







Fig. 18(d)— Meadow 



Page 73, Table 36(n)— Column of data for Meadow Steel 
Products device was inadvertendy excluded. Replace entire 
table with the table on the next page. 

Page 82, Fig, 24 — Bar call-out at 1st floor level, right-mosi 
bar stack; the bar call-out should be 2 bars, not 4 bars. 

Page 99, Tables 7(a) through 7(f),— Titles of tables are in 
error; these tables are for epoxy-coated bars, rather than 
uncoated bars. 

Page 100 — Information on Meadow Steel Products wa.< 
inadvertently excluded. Replace the entire page i.e. 
Appendix C, with the Appendix C on page 4 herein. 
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SECTION 3— Methods of Splicing 



Table 36(n)— Tension-Compression Mechanical Splices 





Description 


Non-Upset Straight 


Thread Coupler 








Manufacturer 


BarSplice 


Dayton 


Richmond 


Meadow 




Figure 


18(a) 


18(t 


>) 


18(c 


:) 


18(c 


) 


Units 1 




in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


Coupling j 


Bar size range 


#3 -#11 ft 


t10 - #36 


#4 -#11 ft 


M3 - #36 


#8 - #18 ft 


£5 - #57 3 


#4 - #11 # 


13 - #36 


sleeve/splice 


Connects different bar sizes? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 




Clear space between adjacent splices 


N/A 


N/A 


N/A 


N/A 


1.50 


38 


N/A 


Kl / A 

N/A 


#18 f#571 couolinq 
sleeve/splice 


Minimum dowel projection 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


installation 


Sleeve length 


N/A 


N/A 


N/A 


N/A 


5.50 


140 


N/A 


N/A 


requirements 


Maximum sleeve diameter 


N/A 


N/A 


N/A 


N/A 


3.63 


92 


Kl / A 

N/A 


Kl/ A 

IN/A 




Clear space between adjacent splices 


N/A 


N/A 


N/A 


N/A 


1.00 


25 


N/A 


N/A 


#14 [#43] 
coupling j 


Minimum dowel projection 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Kl / A 

N/A 


sleeve/splice 
installation j 
requirements 


Sleeve length 


N/A 


N/A 


N/A 


N/A 


4.25 


108 


N/A 


Kl/A 

N/A 


Maximum sleeve diameter 


N/A 


N/A 


N/A 


N/A 


2.75 


70 


K 1 / A 

N/A 


Ki/A 
IN/A 


#11 [#36] 
coupling 

sleeve/splice 
installation 

requirements 


Clear space between adjacent splices 


1.00 


25 


0 +++ 


o +++ 


1.00 


25 


1.00 


25 


Minimum dowel projection 


0 


0 


0 


0 


N/A 


N/A 


0 


0 


Sleeve length 


4.50 


114 


4.38 


111 


3.63 


92 


4.50 


■AAA 

114 


Maximum sleeve diameter 


2.00 


51 


1.94 


49 


2.25 


57 


2.00 


51 




#8 [#25] 
coupling 

sleeve/splice 
installation 

rt*n\ liniments 


Clear space between adjacent splices 


0.75 


19 


o +++ 




1.00 


25 


0.75 


A C\ 

19 




Minimum dowel projection 


0 


0 


0 


0 


N/A 


N/A 


0 


0 




Sleeve length 


3.00 


76 


3.13 


79 


2.75 


70 


3.00 


76 


Maximum sleeve diameter 


1.50 


38 


1 .oo 


oo 


1.63 


41 


1.50 


38 




Bar end 
preparation 


Cut square within 1 V2°? 


No 


No 


No 


No 


No 


No 


No 


No 




I Special cleaning? 


No 


No 


No 


No 


No 


No 


No 


No 




Pre-drying/heating? 


No 


No 


No 


No 


No ++ 


No ++ 


No 


No 




Thread cutting? 


Yes 


Yes 


Yes + 


Yes + 


No 


No 


Yes 


Yes 




I Bar-end check? 


No 


No 


No 


No 


No 


No 


No 


No 


i 


Special coating removal (epoxy, zinc) 


? No 


No 


No 


No 


No 


No 


No 


No ; 


Installation tools 


I Hand held tools adequate? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Special tools required?. 


No 


No 


No 


No 


No* 


No* 


No 


No 



+ Bar end threading normally done by Bar Fabricator. 
++ Bar end threaded by Splice Manufacturer. 
+++ Flange removed. 

♦Friction weld made by Splice Manufacturer. 
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APPENDIX C~Mechanical Splice Manufacturers 



Bar-Lock Coupler Systems (Bar-Lock) 
P. O. Box 28280 
Bellingham, WA 98228 
Tel: 360-738-1891 
Fax: 360-738-1887 

BarSplice Products, Inc. (BarSplice) 

1300 Granger Hall Road 
Beavercreek, OH 45430 
Tel: 937-427-6466 
Fax: 937-427-6470 

Dayton Superior Corporation (Dayton) 
721 Richard Street 
Miamisburg, OH 45342 
Tel: 937-866-0711 
Fax: 937-866-9448 

Dywidag Systems International, USA, Inc. (DSI) 
107 Beaver Brook Road 
Lincoln Park, NJ 07035 
Tel: 201-628-8700 
Fax: 201-628-8253 

Erico, Inc. (Erico) 
34600 Solon Road 
Cleveland, OH 44139 
Tel: 216-248-0100 
Fax: 216-349-3163 

Fox-Howlett Industries, Inc. (Fox-Howlett) 
744 Folger Avenue 
Berkeley, CA 94710 
Tel: 510-841-1016 
Fax: 510-841-1018 



Harris Rebar, Inc. (Harris) 

P. O. Box 9990 

Stoncy Creek, Ontario, CANADA L8G 3Y4 
Tel: 905-662-5700 
Fax: 905-561-7326 

Headed Reinforcement Corp. (HRC) 

1 1200 Condor Avenue 
Fountain Valley, CA 92708 
Tel: 714-557-1455 
Fax: 714-557-4460 

Meadow Steel Products, Co. (Meadow) 
5110 Santa Fe Road 
Tampa, FL 33619 
Tel: 813-248-1944 
Fax: 813-248-0703 

Richmond Screw Anchor Co., Inc. (Richmond) 

7214 Bums Street 

Richland Hills 

Ft. Worth, TX 76118 

Tel: 817-284-4981 

Fax: 817-284-4504 

Splice Sleeve North America (SSNA) 
24770 Lyonia Lane 
Bonita Springs, FL 34134 
Tel: 941-948-1771 
Fax: 941-948-1770 



Mechanical Splice 






Splice Manufacturer 


Bar-Lock 


BarSplice 


Dayton 


DSI 


Erico 


Fox-Howlett 


Harris 


HRC 


Meadow 


Richmond 


SSNA 








mm 






mm 












Cold-Swaged Coupling Sleeve 




X 
















X 




Cold-Swaged Threaded Coupling 




X 




















Combination Grout-Filled/Threaded Sleeve 










X 










X 




Coupler for Thread-Deformed Rebar 








X 
















Coupling Sleeve with Wedge 










X 












X 


Extruded Coupling Sleeve 








X 
















Grout-Filled Coupling Sleeve 






















X 


Hot-Forged Coupling Sleeve 














X 










Shear Bolt Coupling Sleeve 


X 


X 




















Steel-Filled Coupling Sleeve 










X 














Straight Thread Coupler with Upset Rebar Ends 
















X 








Taper-Threaded Coupler 










X 


X 




X 








Upset Straight Thread Coupler 






X 










X 




X 




Non-Upset Straight Thread Coupler 




X 


X 












X 


X 




Compression-Only Mechanical Splice 


J 


r 




















Bolted Strap Coupling Sleeve 


f 








X 




X 










Steel-Filled Coupling Sleeve 










X 














Wedge-Locking Coupling Sleeve 




X 





















i 
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SECTION 3— Methods of Splicing 



Table 36(k) — Tension-Compression Mechanical Splices 



ft 



€§ 





Description 


Straight Thread Coupler 
with Upset Rebar Ends 




Manufacturer 


HRC 




Figure 


15 


Units 




in. 


mm 


Coupling sleeve/splice 


Bar size range 


JA A AAA A 

#4 - #14 


#13 - #43 




Connects different bar sizes? 


\/_ „ 
Yes 


Yes 




Clear space between adjacent splices 


K 1 / A 

N/A 


K 1 / A 

N/A 


#18 [#57] coupling 
sleeve/splice 
installation 
requirements 


Minimum dowel projection 


N/A 


N/A 


Sleeve length 


Kl/A 

N/A 


Kl/ A 

N/A 




Maximum sleeve diameter 


Kl / A 

N/A 


kt i a 

N/A 


#14 [#43] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


1.25 


32 


Minimum dowel projection 


A 7r 

1.75 


44 


Sleeve length 


4.50 


AAA 

114 


Maximum sleeve diameter 


3.50 


89 


#11 [#36] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


A OCT 

1.25 


32 


Minimum dowel projection 


1.50 


38 


Sleeve length 


4.00 


102 


Maximum sleeve diameter 


2.88 


73 


#8 [#25] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


1.25 


32 


Minimum dowel projection 


1.19 


30 


Sleeve length 


3.00 


76 


Maximum sleeve diameter 


2.13 


54 


Bar end preparation 


Cut square within 1 1 / 2 °? 


No 


No 


Special cleaning? 


No 


No 


Pre-drying/heating? 


Yes* 


Yes* 


Thread cutting? 


No 


| No 


Bar-end check? 


No 


No 


Special coating removal (epoxy, zinc)? 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes 


Yes 


Special topis required? 
* 


No 


No 



Healing «isc<l in bar iipsciiing. liar upscuing done by Bar Kabricalor or Splice Mannl'acmrcr. 
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SECTION 3— Methods of Splicing 



Taper-Threaded Coupler 




Fig. 16(c)— HRC 

This is a mechanical splice consisting of a taper thread- 
ed coupler that joins rebars with matching taper threads. 
The coupler is installed by turning the rebar or sleeve wjlh 
wrenches to the manufacturers specified torque. Kor splic- 
ing bent or curved rebars, special position couplers with 
collars are used. Adaptations permit use for end anchorages 
in concrete or connection to structural steel members. 
Rebar ends may he shear cut or saw cut. Rebar ends require 
taper threading over a specified length. 
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SECTION 3— Methods of Splicing 



Table 36(1) — Tension-Compression Mechanical Splices 





L/tJoL,l IJJIHJI l 


Taper-Threaded Coupler 




Moni if 3 /Mi iror 

IVIollUldUlUlcH 


Erico 


Fox-Howlett 


HRC 




Pint i ro 


16(a) 


16(b) 


16(c) 


\J 1 HlO 




in. 


mm 


in. 


mm 


in . 


mm 
null 






MA iflfl 


JflO UCZ-7 
Jf I 0 - tt-D I 


iffi 

H 0 - tt \ 0 


Tl3 trO f 


WO TV 1 O T 


#16 - #57 


Coupling sleeve/splice 




Vpc 

ICO 


Tcb 


Tcb 


I CO 


1 Co 


Yes 




Olpar <mar.p hptwppn flHiafpnt <?nlipp^ 


n 


I u 


1 .ZO 


oz 


1 9S S 


32 


#18 [#57] coupling 
sleeve/splice 


Minimi im rtnwpl nrnipptinn 

IVIM III HUM I UVJVVv^l LM VJJ viV-^lUJI 1 


N/A 


M/A 


^ ^n 

o.ou 


OS 


? ^n 


89 


installation j 
requirements 


SIppvp Ipnnth 


fi ^n 

O-OU 


1 fiR 


fi 9^ 
o.zo 


1 OcJ 


7 sn 


191 

1 C7 1 




M^vimi im qIppv/p Hiampfpr 


^ nn 


7fi 


^ nn 


7fi 


0.00 






dlp?ir cnarp hptwppn aHianpnt ^nliftp^ 


n 9^ 
u.zo 


D 


1 9*l 

I -ZO 


^9 
oz 


1 9^ 

l>.ZO 


oz 


#14 [#43] coupling 
sleeve/splice 


Minimum Hpia/pI nrriipr*tinn 

1 VIII III 1 IUII 1 UUWCI JJiUjCTVUUM 


M/A 


M/A 


9 ^n 
z.ou 




0. 1 0 


7Q 


installation 
requirements 


QIap\/p Ipnnth 
oiccvc icny ii i 


*\ 9R 

o.zo 




a ^n 


11A 
1 i*f 


fi 9^ 
o.zo 


1 J3 


MaYimi im qIopwp rfiamptpr 
ivigaii iiuiii oiccvc vJiaintritJi 


9 9^ 
z.zo 


^7 


9 9^ 

z.zo 


^7 
O/ 


9 7^ 
z. / 0 


70 


#11 [#36] coupling 
sleeve/splice 


CMpar cnare hptwppn aHiaopnt cnlicp^ 

wlCal ojJdU; UCIWCCI 1 dUJavCIU ofJULCo 


n 9^ 
u.zo 


D 


1 9R 

I .ZO 


^9 
oz 


1 9S 

I .ZO 


^9 


Minimi im HmA/pt nmipotinn 
iviii mi iui 1 1 uuwci jjiujcomji i 


M/A 


M/A 


9 ^n 
z.ou 




z.oo 


fin 


installation 
requirements 


^Ipp\/p Ipnnth 
oiccvc ici ty u i 


-1 9R 


100 


A 9*% 


I uo 


^ nn 


197 
1 z. r 


Msyimitm cIppv/^ Hisamptpr 

IVIaAll 1 IUI 1 1 olCCVC UlalllClCI 


1 QQ 
1 .OO 


HO 


1 .00 




Z.OO 


fin 

DU 


#8 [#25] coupling 
sleeve/splice 


r^lpar <;nar^ hptwppn ^rli^r-pnt <;nlirp<; 

w ICO 1 oJJaL/C UCIWCCI 1 dvJJClv^lll oJJUv>Co 


u.iy 


O 


1 ZO 


oz 


1 .ZD 


^9 
OZ 


Minimi im Hova/oI nrnip^tinn 

1 VI HUH IUI II UUWcl UlUJCOilUII 


IN/A 


Kl/ A 
IN/A 


0 nn 
z.UU 


ah 


1 7A 




installation 
requirements 


oiccvc lengin 


o.o4 


oc 
OO 


o.UU 


/ D 


4.UU 


I uz 


Maximum sieeve aiameter 


l.OO 


OO 


lol 


OO 


I .OU 


00 




uut square within 1 V2 r 


No 


No 


No 


No 


No 


No 




Special cleaning? 


No 


No 


No 


No 


No 


No 


Bar end preparation 


1 ic-ui yii ly/iicoiiny * 


No 


No 


No 


No 


No 


No 


Thread cutting? 


Yes + 


Yes + 


Yes + 


Yes + 


No 


No 




Bar-end check? 


No 


No 


No 


No 


No 


No 




Special coating removal (epoxy, zinc)? 


No 


No 


No 


No 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Special tools required? 


No 


No 


No 


No 


No* 


No* 



§ 



+ Bar end I bread ing nor 
•Friction weld made by 



inally done by Bar Fabricator. 1 
S pi ice Manufacture r. 



69 



SECTION 3— Methods of Splicing 



Upset Straight Thread Coupler 




Fig. 17(a) — Dayton 



Fig. 17(b)— HRC 






Fig. 17(c) — Richmond 



Fig. 17(d) — Richmond 



This is a mechanical splice consisting of a coupler with 
internal parallel NC (National Course) or UN (Unified 
National) threads that join two rebars that have been 
"upset" or built-up and threaded with matching external 
parallel threads. The "upsetting" or building up of the 
rebar ends permits the net cross-sectional area of the 
threaded end of the rebar to have the same cross-sectional 
area as the original rebar 

This type of splice can either be in three pieces (the twcf 
rebar ends and internally-threaded coupler) or in two 
pieces with the coupler integrally forged or pre-assembled 
onto the rebar end. These systems are available with addi- 
tional couplers such as weld-on couplers, transitional cou- 
plers, positional couplers, and mechanical anchors. 




Fig. 17(e)— Richmond 
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SECTION 3— Methods of Splicing 



Table 36(m) — Tension-Compression Mechanical Splices 





Description 


Upset Straight Thread Coupler 




Manufacturer 


Dayton 


HRC 


Richmond 




Figure 


17(a) 


17(b) 


17(c) 


17(d) 


17(e) 




Units 




in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mrr 


Coupling 


Bar size range 


#4 - #11 


#13 - #36 


#5 - #18 


#16 - #57 


#8 - #18 


#25 - #57 


#4 - #11 


#13 - #36 


#4 - #11 


¥13 - '■ 


sleeve/splice 


Connects different bar sizes? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


No 


Yes 


Yei 




Clear space between adjacent splices 


N/A 


N/A 


1.25 


32 


1 .50 


38 


N/A 


N/A 


N/A 


N// 


#18 [#57] 
coupling 


Minimum dowel projection 


N/A- 


N/A 


3.50 


89 


N/A 


N/A 


N/A 


N/A 


N/A 


N// 


sleeve/splice 

installation 

II lotaH<3UUI 1 

requirements 


bteeve length 


N/A 


N/A 


7.50 


191 


5.50 


140 


N/A 


N/A 


N/A 


N// 




Maximum sleeve diameter 


N/A 


N/A 


3.38 


86 


3.63 


92 


N/A 


N/A 


N/A 


N// 




Clear space between adjacent splices 


N/A 


N/A 


1.25 


32 


1.00 


25 


N/A 


N/A 


N/A 


N//' 


#14 [#43] 
coupling 


Minimum dowel projection 


N/A 


N/A 


3.13 


79 


N/A 


N/A 


N/A 


N/A 


N/A 


N// 


sleeve/splice 

inctallatinn 

requirements 


Sleeve length 


N/A 


N/A 


6.25 


159 


4.25 


108 


N/A 


N/A 


N/A 


N// 




Maximum sleeve diameter I 


N/A 


N/A 


2.75 


70 


2.75 


67 


N/A 


N/A 


N/A 


N// 


#11 [#36] 
coupling 
sleeve/splice 

incl o 1 1 otlAn 

insiallaUOi 1 

requirements 


Clear space between adjacent splices 


0 ++ 


0 ++ 


1.25 


32 


1.00 


25 


1.00 


25 


1.00 


2- 


Minimum dowel projection 


0 


0 


2.38 


60 


N/A 


N/A 


N/A 


N/A 


N/A 


N/ 


Sleeve length 


4.00 


102 


5.00 


127 


3.63 


92 


3.75 


95 


3.63 


9; 


Maximum sleeve diameter 


2.31 


59 


2.38 


60 


2.25 


57 


2.19 ++ 


56 ++ 


2.25 


5 


#6 [#25] 
coupling 

sleeve/splice 
installation 

requirements 


Clear space between adjacent splices 


0 ++ 


0 ++ 


1.25 


32 


1.00 


25 


1.00 


25 


1.00 


2 


Minimum dowel projection 


0 


0 


1.75 


44 


N/A 


N/A 


N/A 


N/A 


N/A 


N/ 


Sleeve length 


2.88 


73 


4.00 


102 


2.75 


70 


3.13 


79 


2.75 


7 


Maximum sleeve diameter 


1.69 


43 


1.50 


38 


1.63 


41 


1.63 ++ 


41 ++ 


1.63 


4 




Cut square within 1 *£°? 


No 


No 


No 


No 


No 


No 


No 


No 


No 


f\ 




Special cleaning? 


No 


No 


No 


No 


No 


No 


No 


No 


No 




Bar end 


Pre-drying/heating? 


No 


No 


No 


No 


No 


No 


No 


No 


No 




preparation 


Thread cutting? 


Yes 


Yes 


No 


No 


No + 


No + 


No + 


No* 


Yes 


Y 




Bar-end check? 


No 


No 


No 


No 


No 


No 


No 


No 


No 


t 




Special coating removal (epoxy, zinc)? 


No 


No 


No 


No 


No 


No 


No 


No 


No 


t 




Hand held tools adequate? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 




Installation tool 1 


Special tools required? 


No 


No 


No* 


No- 


No* 


No* 


No 


No 


No 





+ I "h rcnded by Splice Manufacturer. 
+ Flange removed. 

* Friction weld made by Splice Manufacturer. 
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SECTION 3— Methods of Splicing 



Non-Upset Straight Thread Coupler 





Fig. 18(a)— BarSplice 



Fig. 18(b)— Dayton 



This is a mechanical splice consisting of a coupler with 
internal parallel NC (National Coarse) or UN (Unified 
National) threads that joins two rebars with matching exter- 
nal parallel threads. 

Since the cutting of threads reduces the net cross-sec- 
tional area of the rebar, some manufacturers use rebars one 
size larger while other manufacturers use rebar with tensile 
and yield strengths sufficient to overcome the loss of net 

area. 

This type of splice can either be in three pieces (the two 
bar ends and the internally-threaded coupler) or in two 
pieces with the coupler integrally forged onto one rebar 
end. These systems are available with additional couplers 
such as weld-on couplers, transition couplers, and mechan- 
ical anchors. 




Fig. 18(c) — Richmond 
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SECTION 3— Methods of Splicing 



Table 36(n) — Tension-Compression Mechanical Splices 





Description 


Non-Upset Straight Thread Coupler 




Manufacturer 


BarSplice 


Dayton 


Richmond 




Figure 


18(a) 


18(b) 


18(c) 


Units 




in. 


mm 


in. 


mm 


in. 


mm 


Coupling sleeve/splice 


Bar size range 


#3 -#11 


#10 -#36 


#4 -#11 


#13 -#36 


#8 -#18 


#25 - #57 


Connects different bar sizes? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


#18 [#57] coupling 
sleeve/splice 
installation 
requirements 


Clear space between adjacent splices 


N/A 


N/A 


N/A 


N/A 


1.50 


38 


Minimum dowel projection 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Sleeve length 


N/A 


N/A 


N/A 


N/A 


5.50 


140 


Maximum sleeve diameter 


N/A 


N/A 


N/A 


N/A 


3.63 


92 


#14 [#43] 
coupling 

sleeve/splice 
installation 

requirements 


Clear space between adjacent splices 


N/A 


N/A 


N/A 


N/A 


1.00 


25 


Minimum dowel projection 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Sleeve length 


N/A 


N/A 


N/A 


N/A 


4.25 


108 


Maximum sleeve diameter 


N/A 


N/A 


N/A 


N/A 


2.75 


70 


#11 [#36] 

coupling 
sleeve/splice 

installation 
requirements J 


Clear space between adjacent splices 


1.00 


25 


o +++ 


o +++ 


1.00 


25 


Minimum dowel projection 


0 \ 


0 


0 


0 


N/A 


N/A 


Sleeve length 


4.50 ! 


114 


4.38 


111 


3.63 


92 


Maximum sleeve diameter 


2.00 


51 


1.94 


49 


2.25 


57 


#8 [#25] 
coupling 

sleeve/splice 
installation 

requirements 


Clear space between adjacent splices 


0.75 


19 


0 +++ 




1.00 


25 


Minimum dowel projection 


0 


0 


0 


0 


N/A 


N/A 


Sleeve length 


3.00 


76 


3.13 


79 


2.75 


70 


Maximum sleeve diameter 


1.50 


38 


1.38 


35 


1.63 


41 


Bar end 
preparation 


Cut square within V/2 0 ? 


No 


No 


No 


No 


No 


No 


Special cleaning? 


No 


No 


No 


No 


No 


No 


Pre-drying/heating? 


No 


No 


No 


No 


No ++ 


No ++ 


Thread cutting? 


Yes 


Yes 


Yes + 


Yes + 


No 


No 


Bar-end check? 


No 


No 


No 


No 


No 


No 


Special coating removal (epoxy, zinc)? 


No 


No 


No 


No 


No 


No 


Installation tools 


Hand held tools adequate? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Special tools required? 


No 


No 


No 


No 


No* 


No* 



Bar end threading normally done bv Bar Fabricator 
+ + Bar end threaded by Splice Manufacturer ( 
+ + + Flange removed. 

* Friction weld made by Splice Manufacturer. 
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SECTION 3~Methods of Splicing 



Compression-Only Mechanical Splices 

I'he use of end-bearing to transfer compression from 
b,u in bar requires thai the ends of the rebars be saw cut 
within 1-1/2° of square to the longitudinal axis of the 
rebars. In field assembly, such mechanical splices must fit 
within T when erected. Commercial devices are used to 
ensure concentric bearing. 

Illustrations of four proprietary end-bearing mechanical 
splices are shown. Also see Table 37. For more information 
consult the manufacturers, Appendix C. 



m 

a 



Fig. 19(b)— Harris 



Fig. 19(a)— Erico 




Drive the wedge down 
with a 4 lb. [1.8 kg] sledge 
and check for tightness 
before releasing upper 
bar from temporary 
support. 





Section A-A 



Fig. 19(c)— Eri co 



Fig. 19(d)— BarSplice 
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SECTION 3— Methods of Splicing 



Table 37 — Compression-Only Mechanical Splices 





Description 


Bolted Strap Coupling Sleeve 


Steel-Filled 
Coupling Sleeve 


Wedge-Locking 
Coupling Sleeve 




Manufacturer 


Erico 


Harris 


Erico 


BarSplice 




Figure 


19(a) 


19(b) 


19(c) 


19(d) 


Units 




in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


Coupling 


Bar size range 


#7 -#18 


#22 - #57 


#8 -#18 


#25 - #57 


#11 -#18 


#36 - #57 


#7 -#18 


#22 - #57 


sleeve/splice 


Connects different bar sizes? 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


#18 [#57] 


Clear space between adjacent splices 


3.38 


86 


2.38 


60 


3.38 


86 


3.38 


86 


coupling 
sleeve/splice 


Minimum dowel projection 


6.00 


152 


6.00 


152 


1.88 


48 


8.00 


203 


installation 
require- 


Sleeve length 


12.00 


305 


12.00 


305 


3.00 


76 


12.00 


305 


ments 


Maximum sleeve diameter 


4.00 


102 


2.75 


70 


3.25 


83 


2.75 


70 


#14 [#43] 


Clear space between adjacent splices 


2.50 


64 


2.50 


64 


2.50 


64 


2.50 


64 


1 coupling 
sleeve/splice 


Minimum dowel projection 


5.50 


140 


3.50 


89 


1.88 


48 


7.00 


178 


installation 
require- 


Sleeve length 


11.00 


279 


7.00 


178 


3.00 


76 


10.00 


254 


ments 


Maximum sleeve diameter 


3.00 


76 


2.25 


57 


2.50 


64 


2.00 


51 


#11 [#36] 
coupling 
sleeve/splice 


Clear space between adjacent splices 


2.13 


54 


2.13 


54 


2.13 


54 


2.13 


54 


Minimum dowel projection 


4.00 


102 


3.00 


76 


1.88 


48 


6.00 


152 


installation 
require- 


Sleeve length 


8.00 


203 


6.00 


152 


3.00 


76 


8.00 


203 


ments 


Maximum sleeve diameter 


3.00 ; 


76 


1.75 


44 


2.50 


64 


1.63 


41 


#8 [#25] 
coupling 
sleeve/splice 


Clear space between adjacent splices 


1.50 


38 


1.50 


38 


N/A 


N/A 


1.50 


38 


Minimum dowel projection 


3.00 


76 


3.00 


76 


N/A 


N/A 


4.75 


121 


installation 
require- 


Sleeve length 


6.00 


152 


6.00 


152 


N/A 


N/A 


5.50 


140 


ments 


Maximum sleeve diameter 


2.25 


57 


1.38 


35 


N/A 


N/A 


1.38 


35 




Cut square within 1 Y 2 °? 


Yes 


Yes 


Yes 


Yes 


N/A 


N/A 


Yes 


Yes 




Special cleaning? 


No 


No 


No 


No 


Remove concrete & 
loose rust 


No 


No 


Bar end 


Pre-drying/heating? 


No 


No 


No 


No 


Yes 


Yes 


No 


No 


preparation 


Thread cutting? 


No 


No 


No 


No 


No 


No 


No 


No 




Bar-end check? 


No 


No 


No 


No 


Yes 


Yes 


No 


No 




Special coating removal (epoxy, zinc)? 


No 


No 


No 


No 


Yes 


Yes 


No 


No 


Installation 


Hand held tools adequate? 


Yes 


Yes 


Yes 


Yes 


No 


No 


Yes 


Yes 


tools 


Special tools required? 


No 


No 


No 


No 


Yes 


Yes 


No 


No 
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SECTION 3— Methods of Splicing 



Dowel Bar Mechanical Splice Systems 




Fig. 20(a)— BarSplice 




Fig. 20(c)— Erico 



Dowel bar mechanical splices are used to prevent rebars 
from penetrating or protruding from forms and reinforced 
concrete structures. 

All of the various systems available consist of several 
components. The coupling component is internally thread- 
ed and another component is externally threaded. The 
internally threaded component is normally designed to fas- 
ten directly to the form face and is usually encased in the 
first concrete placement. These systems are available in a 
variety of designs, configurations, sizes, and shapes. For 
mote information consult the manufacturers, Appendix C. 




Fig. 20(b)— Dayton 




Fig. 20(d)— Richmond 
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SECTION 3— Methods of Splicing 



3.3 WELDED SPLICES 

Welding Processes and Materials 

Electric arc welding is the only commonly used manual 
welding process in the field. All welding should conform 10 
ANSI/AVVS D 1 .4-92 "Siruciural Welding Code— Reinforcing 
Steel" of the American Welding Society.* 

The most widely used type of reinforcing bars is billet- 
steel conforming to ASTM A615/A615M. Usage of low-alloy 
steel bars per ASTM A706/A706M is increasing. The "weld- 
ability" of steel established by its chemical composition lim- 
its the applicable welding procedures and establishes pre- 
heat requirements.** 



Tack Welding 

Connection of crossing bars by small arc welds, known as 
"tack welds," is not recommended. Unless these welds are 
made in conformance with all requirements of ANSI/AWS 
D 1.4-92, they tend to cause a metallurgical "notch" effect 
and may affect the strength of the bars. 

Numerous reports from field practice have identified 
tack-welded points as a factor associated with britde failure 
of reinforcing bar assemblies by accidental impacts during 
rough handling. Tests on some reinforced concrete mem- 
bers containing laboratory-made tack-welded assemblies 
Jftrt |^ have been aborted by premature failure at tack-welded 
^P* points. At least one welder's qualification test for butt-weld- 
ing a large bar has been aborted by premature failure at a 
point outside the weld where the welder merely tested the 
circuit leaving a bit of electrode, similar in effect to a tack- 
weld. Few tests on the effect of tack-welding as such have 
been reported. The user is referred to "Fatigue Tests of 
Reinforcing Bar — Tack Welding of Stirrups." K. T Burton 
and E. Hognestad, ACI Journal, May 1967, V 64. p. 244. 
Tack welding seems to be particularly detrimental to ductil- 
ity (impact resistance), to fatigue resistance, and, to a lesser 
extent, to static yield strength and ultimate strength. Where 
a small bar is tack welded to a larger bar, the detrimental 
[ "notch" effect is exaggerated in the large bar. Fast cooling 
under cold weather conditions is likely to aggravate these 
effects. 



* Available from American Welding Society, P. O. Box 351040, 
2501 NW 7th, Miami, Florida 3»12:V 

t } 

**Chemical analysis arc noi ordinarily meaningful for rail-steel 
(ASTM AGIO/AG 1 6M) and axle-steel (ASTM AGI7/A6I7M) rein- 
forcing bars. Welding ol these types of bars is not recommended. 



SECTION 4— Designing and Specifying Splices 



4.1 RESPONSIBILITY 

The entire responsibility for designing and specifying 
splices rests upon the Architect/Engineer. Only the party 
familiar with the structural analysis, probable construction 
conditions, and final conditions of service can properly 
evaluate the variables to determine the most efficient and 
economical splice method. The following discussion is pro- 
vided to help the Architect/Engineer in this task. 

Cast-in-place construction traditionally uses lap splices 
for horizontal and vertical bars where the bar size is #l l 
[#36] or smaller. #1 1 [#36] and smaller bars are sometimes 
mechanically-spliced or butt-welded. #14 and #18 [#43 
and #57] bars must be mechanically-spliced or butt-welded, 
whether horizontal or vertical; lap splices are not permitted 
except for compression only to smaller footing dowels. In 
precast concrete construction, lap and butt splices are used, 
including lap-welded splices for smaller bars. 

4.2 CONSIDERATIONS IN SELECTION OF SPLICE 
METHOD 

Lap splices can cause congestion at the splice locations, 
and can make their use impractical. In column design, con- 
sideration should also be given to the fact that lapped off- 
set bars may have to extend inside the bars above and, 
therefore, reduce the moment arm in bending. In precast 
concrete construction, lack of space between members may 
preclude use of lap splices. The traditional lap splice, when 
it will satisfy all requirements, is generally the most eco- 
nomical. 

The decision whether to use lap splices or mechanical 
splices in the larger bar sizes is based partially on econom- 
ics and partially on design or practical considerations. First, 
compare the cost of the additional lap material, plus the 
fact that the column bars must be offset bent (subject to fab- 
ricating bending extra), to a mechanical splice that may 
require end preparation of the bar, plus the cost of splicing 
material, plus installation, all complicated by the variety of 
available mechanical splices. Full mechanical splices pro- 
vide at least 125 per cent of the specified minimum yield 
strength of the bars. Proprietary mechanical splices are gen- 
erally available for compression splices as well as for mini- 
mum ultimate tensile strength splices. End-bearing 
mechanical splices for compression applications are avail- 
able. 

Design of reinforced concrete structures in seismic areas 
requires special consideration for splices. Seismic design 
requirements are covered in "Chapter 21 — Special 
Provisions for Seismic Design" in the AO Building Code. 
These provisions apply to special ductile frames and shear 
walls* 



Tor ductile frame detailing, see text and examples in the AO 
Detailing Manual, 1991 by AO Committee !Wf>. 



For all horizontal splices in girders, and splices in 
columns resisting large bending moments compared to ver- 
tical loads, in which lap splices are not feasible, mechanical 
splices or butt -welded splices are required. 
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SECTION 5 — Applications of Anchorages and Splices 



5.1 LAP SPLICES OF BARS #11 [#36] OR SMALLER 
I FOR COMPRESSION ONLY 



5.2 MECHANICALLY-SPLICED DOWELS; VARIOUS 
METHODS APPLICABLE TO ALL SIZES OF 
COLUMN BARS 



STD. 90° HOOKS 
OPTIONAL \ 




Fig. 21 — Compression Lap Splices for Dowels 



I. 



r 



Notes: 

In shallow footings, standard 90° end hooks may be 
used as a convenience only to support dowels as shown. 
Hooks do not add to the compression development- 
See ACI 12.5.5. 

Where the required compression development length 
for bars is considerably less than the distance available 
to the bottom reinforcement, it will usually be more 
practical to suspend the short straight dowels from a 
template. 




c « o « 



Stagger as ceq'd 
for clearance 




Mechanical Splices 
For Tension or Compression 



End-Bearing 
Mechanical Splices 
For Compression Only 



Note A: Approximately 24 in. (600 mm] for convenience in instatiation 

of mechanical splices. 
Note B: Minimum 0.54 (tension development length). Stagger alternate bars. 
Note C: Embedment (anchorage) as required tor tension or compression. 



Fig. 22— Mechanically-Spliced Dowels 
Notes: 

1. With all types of mechanical splices, the elevation of top 
of dowel should be shown. End preparation should be 
indicated, i.e., square-cut, chisel cut, flame cut, or 
sheared. Dowels should be preset with a template and 
be plumb. 

2. Where some arrangement of stagger is required, a 
cross-section plan view with dowel heights located and 
identified is required. Show north arrow for direction. 

3. Mechanically-spliced vertical bars as shown will require 
free-standing erection and tie assembly. Follow the ACI 
Detailing Manual recommendations for tie arrange- 
ments suitable for free-standing assembly. If design 
conditions permit mechanical splices of all bars ai one 
point, without stagger, (he use of preassembled cages of 
column reinforcemcnl will simplify field erection. 

4. End-bearing mechanical splices are usually practical 
only where the maximum tensile stress in the bar is 0.5 
f f or less and at least half the bars are staggered, where 
tension lap splices would be Class A. Minimum stagger 
of 2 ft [GOO mm] is recommended. This length is ample 
for practical erection clearances and provides approxi- 
mately 35 per cent ol the Class A tension lap for #1 1 
[#36] bars, and more for smaller bars. The 2 ft [G00 
mm] minimum stagger provides approximately 20 per 
cent of the tension development length (C f j) for #18 
| #57] bars and should be ample lor such bars where 
stress is always compressive. 



79 



SECTION 5— Applications of Anchorages and Splices 



5.3 FLUSH CONNECTIONS FOR FUTURE DOWELS 



Embedment as required lor 
tensile or compressive forces 
Irom column (or wall) reinforcement 



Future column 
(or wall) 
reinforcement 



T 



4^ 



Fig. 23— Flush Dowel Connections 



Notes: 

1. Where construction convenience indicates, or where 
additional floors are to be added to an existing build- 
ing, the required minimum length for stub dowels 
varies for different mechanical splices. Manufacturer's 
recommendations are available, see Appendix C. 

2. Some mechanical splices can be installed below the sur- 
face — their tops flush with the surface. See individual 
devices shown in this publication, and consult manufac- 
turers. See Appendix C. 

5.4 HEADED REINFORCING BARS 

An alternate, effective way to fully anchor or develop 
rebars in tension within relatively short embedment lengths 
is to use headed reinforcing bars rather than bars with stan- 
dard hooks. Headed rebars consist of a nut or plate, having 
either a round, elliptical or rectangular shape, attached to 
the end(s) of the bar. Attachment of the head to the rebar is 
accomplished by welding, threading or swaging. Another 
configuration of a headed rebar is a bar with an integrally- 
forged head. 

Since headed rebars are intended to replace bars with 
standard end hooks, the benefits of such an anchorage sys- 
tem are to reduce embedment and simplify bar placement. 
Headed bars were first used in the construction of rein- 
forced concrete offshore oil platforms. Usage of headed 
bars has been extended to bridge and building construc- 
tion. 

At press time for this publication, ASTM had approved 
specification A970/A970M for headed bars; and ACI 
Committee 318 was planning to introduce design require- 
ments for headed bars in the next edition of the ACI 
3 18/3 1 8M Code. 



SEC TION 6 — Sample Detailed Column Schedules 



6.1 END-BEARING MECHANICAL SPLICES 

The arrangement of bars in a column should be shown 
on the design drawings, considering: 

(a) Thai the fewer ihe splices at any point, the greater 
the capacity to resist moment; 

(b) That a logical and, where possible, symmetrical 
pattern of bars should remain after the number of 
bars is reduced in the upper stories of a building. 

The stagger arrangement, as shown in the sample col- 
umn schedule, is preferred where column moments do not 
control the design, where one or two unspliced bars in each 
face is sufficient at a splice point, and where the two-story 
bar lengths can be located near the inflection point where 
there is little or no moment. Even if single-story bar lengths 
are preferred, both splice points can be near the inflection 
point. See Fig. 24. 

The stagger arrangement also applies to bars in spiral- 
ly- reinforced columns. 



6.2 TENSION-COMPRESSION MECHANICAL SPLICES 
OR BUTT-WELDED SPLICES 

Two arrangements are shown suitable for tension-com- 
pression mechanical splices. If compressive stress is critical, 
the splices need not be staggered. In the "no stagger" 
arrangement, the convenience of preassembled cages will 
often outweigh the cost of additional splices. See fig. 2f>. 

A distance of 2 ft [600 mm] above the floor line (point of 
maximum rebar stress) is shown as a minimum to avoid 
locating splices at the point of maximum stress. It is also a 
practical convenience for attachment of temporary clamps 
during installation of some splices. 

The stagger arrangement reduces the number of splices 
by 50 percent and will often permit the use of splices more 
economical than those designed for 125% f y . See ACI 
12.17.2.1 and ACI 12.17.2.2. 

The suggested sample column schedules shown are for 
design drawings. Similar schedules would be shown by the 
reinforcing steel detailer on the placing drawings. 

Always show direction arrow next to the column plan to 
aid in setting dowels and for splices. 

Note: Bar sizes #14 and #18 [#43 and #57] may be lap 
spliced only for compression and only to #11 [#36] or 
smaller bars (ACI 12.16.2). See Fig. 26. 






cm 


o 


o 


•o 


cm 


SECT. 


x-x 



Fig. 26— Lapping #14 or #18 [#43 or #57] Bars 
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SEC TION 6 — Sample Detailed Column Schedules 





STAGGER ARRANGEMENT 


\cOLUMN 
\MARK 

floor\ 


A 1, 2, 3, 4, 5, 6 
B 1. 2, 3, 4. 5, 6 
C 1, 2. 3, 4, 5, 6 
D 1, 2, 3. 4, 5, 6 




COLUMN 
SIZE 


LOCATION 
OF SPLICE 


A 


1. 


A 



5TH FLOOR 



20 X 20 
[500 X 500] 

#4 [#131 T 
@ 18 [450] 



4TH FLOOR 



20 X 20 
[500 X 500] 

#4 (#131 T 
G 16 (450] 



3R0 FLOOR 



20 X 20 
[500 X 500] 

#4 [#131 T 
& 18 (450] 



2ND FLOOR 



1ST FLOOR 



BASEMENT 
FLOOR 



TOP OF FDN 



GROUP MARK 



OOWEL 
PATTERN 



20 X 20 
[500 X 500] 



#4 [#13] T 
Q 18 [450] 



20 X 20 
[500 X 5001 



#4 (#131 T 
<S> 18 (450] 



20 X 20 
[500 X 5001 



#4 [#13] T 
# 18 (450] 



t 

N 



1 



1 



1 



CORNER BARS 



O- A 



• - B 



#18 (#571 
#U [#43] 
•W !#S71 



#1* J#571 ' 

#1» |*571 
9U (#43] 
«W t«67) 



O • O 
# # 

o « o 



r» l#57j 



Fig. 24. — End-Bearing Mechanical Splices 



Note: 

Following dimensions must be supplied by Architect/Engineer. 

* — A s required to develop design compressive stress and 
required minimum tensile stress in bar. See ACI 12.17. 

** — A $ required to develop the difference in capacity of 
bars. 
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SECTION 6 — Sample Detailed Column Schedules 





STAGGER ARRANGEMENT 


NO STAGGER 


\ COLUMN 
\ MARK 

floor\ 


A 1 r 3. 5 
B 3. 4. 5, € 
C 2, 3, 5, 6 
0 1, 2, 4 


A 1, 3. 5 
B 3. 4, 5. 6 
C 2, 3. 5. 6 
D 1, 2, 4 




COLUMN 
SIZE 


LOCATION 
OF SPLICE 


COLUMN 
SIZE 


LOCATION j 
OF SPLICE ! 


1, 


i> 


1 


1, 


x 1 



i 



20 X 20 
{500 X 500] 



5TH FLOOR 



20 X 20 
(500 X 500] 



47H FLOOR 



3RD FLOOR 



2ND FLOOR 



1ST FLOOR 



BASEMENT 
FLOOR 



TOP OF FDN 



GROUP MARK 



20 X 20 
{500 X 500] 



20 X 20 
{500 X 5001 



20 X 20 
{500 X 500] 



20 X 20 
{500 X 500] 



•I 



DOWEL 
PATTERN 



o 

I 



a 



20 X 20 
(500 X 500] 



20 X 20 
{500 X 500] 



1 



20 X 20 
[500 X 5001 



I 



CORNER BARS 



«- B 







#18 (#57) 






«W [#67] 


o • o 


#u t«*7] 


N 


•M |#43] 


♦ # 


#V4 1*43] 


1 


#«J (#571 


o • o 


#« l#S7] 



• 18 l#57] 



20 X 20 
{500 X 500] 



20 X 20 
{500 X 500] 



20 X 20 
[500 X 500] 



1 



"I. 



CORNER BARS 



#18 l«*7l 



• 18 (#S7) 
#U |#43] 
#10 |#S7] 



o oo 

O O 

o o o 



•« t#S71 
•M (#43] 
#« |#57] 



Fig. 25 — Tension-Compression Mechanical Splices or Butt-Welded Splices 
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Notes: 

1. Column ties: #4 @ 4 [#13 @ 
100] for top and bottom third, #4 
@ 8 [#I3 @ 200] for middle 
third. 

2. Following dimensions must be 
supplied by Architect/Engineer. 

* — As required to develop design 
stress in bar. 

** — As required to develop the 
difference in capacity of bars. 



SECTION 7— Field Assembly of Splices and Erection of Rebars 



Horizontal splices occur in cast-in-place reinforced con- 
crete members for two reasons: (1) to provide for construc- 
tion joints, temporary or permanent, and (2) to provide for 
continuity in rebars that are too long to furnish in one 
piece. Lap splices are used predominantly. Mechanical 
splices are primarily limited to bar sizes #11 [#36] and 
larger in heavily reinforced mats, columns, or possibly even 
beams. Lap splices may be in contact or spaced, but prefer- 
ably in contact. Splices are usually staggered to prevent con- 
centration in one plane. Unless staggered, tension lap 
splices are required to meet increasingly severe criteria. 

Horizontal splices are almost always necessary in precast 
concrete construction. These splices are usually mechani- 
cally-spliced, butt-welded or lap-welded. For welded splices, 
it is necessary to know the chemical composition of the bars 
being welded. 

Vertical splices occur in cast-in-place members for essen- 
tially the same reasons as for horizontal splices. Lap splices 
are generally used for bar sizes #11 [#36] and smaller, 
except that in heavily-reinforced columns, #11 [#36] and 
smaller bars are frequendy mechanically-spliced. Generally, 
column splices are made at floor level. An entire column 
cage (vertical bars and ties or spirals) can then be pre- 
assembled and set into place. If lap splices are used in crit- 
ical tension areas, increased lap lengths or spirals or ties 
must be provided in these locations. When lap splices are 
provided, the bars that extend up from below may have to 
come inside of the bars above. When mechanical splices are 
used, it is necessary to have the bar from below extend up 
directly under the bar above to which it is to be spliced. See 
Figs 27 and 28. 

When larger columns with many #14 or #18 [#43 or 
#57] bars are used, a column cage with 4 to 8 vertical bars 
and its ties or spirals is first set and spliced to the vertical 
column bars from below. Thereafter, the remaining vertical 
bars are individually lowered inside the column cage and 
spliced. Erection with staggered splices, multi-story lifts and 
large size bars may be complicated by certain column tie 
arrangements. See "Details and Detailing of Concrete 
Reinforcement/' ACI Detailing Manual for recommended 
tie arrangements. 



Another point often overlooked in design for lap splices^ 
of ofjset column vertical bars is the reduction in effective™ 
depth of the offset bars. This effect can usually be safely 
neglected when the stress is always compressive with low 
steel ratios. Particularly with steel ratios in excess of 0.04 
and large moments, nominal capacity should be reduced. A 
quick approximation for this reduction is: 



R = /\/ y (X-Xo)/X 
where R = reduction of 
moment capacity. 
X 0 = 0.5h-dr c for 

offset bar, and 
X =0.5/w* c for 

straight bar 



d c X X 0 dc 




Where column size above is unchanged from that below, 
"upside down" offset bars are effective to maintain the full 
moment capacity at column splices. In U.S. practice, this 
detail is very rate, and should be fully illustrated on struc- 
tural drawings to avoid misunderstandings, whenever its 
use is deemed necessary. 
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SECTION 7— Field Assembly of Splices and Erection ofRebars 



a > 

H O 
Q- h- 

O 



< 



M 



§ 
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#! 



ffl 



3 



(a) Vertical Bars, 2-Stories Long 



(b) Vertical Bars, 1-Story Long 

{Usually Erected as Preassembled Cage) 



m 



Fig. 27— Typical Tied Column, #11 [#36] Bars or Smaller 

Notes: 

1. Assumed factored moments above base cause bar tension and factored moment at base = 0. 

2. For most practical designs for <pP n maximum at Q.S0(f)P o , tensile / s <03f r Only in special cases with large eccentricities for 
high wind moments will tensile A s furnished <2A S required. 
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SECTION 7 — Field Assembly of Splices and Erection of Rebars 




(a) Conventional ( b ) "Upside Down" 



Fig. 28 — Columns with Sending Moments, #11 [#36] Bars or Smaller 

Notes: 

I . For compression-controlled lap splices, use lap length 30 unless otherwise designed as special. 

4 2. For tension-controlled lap splices, provide Class of lap as specified by Architect/ Engineer. Lap lengths per tables. 

:V When lap splicing bars of different sizes, the length of lap is determined as required: lap for smaller bar, but may not be less 
than required embedment of larger bar. 
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APPENDIX A Supporting Formulas for Tables of Development and Lap Splice Lengths 

ffc I^A.l TENSION DEVELOPMENT LENGTH— ACI 12.2.2 
Step 1: SQRFC = Smaller of 100 or ftj (ACI 12.1.2) 
[SQRFC = Smaller of 25/3 or ft (ACI 12. 1.2)] 

Step 2: Calculate development length (ACI 12.2.2) 

U = d b (l/25)//SQRFC (#6 bar and smaller and deformed wire) 

K (12/25)//SQRFC (#19 bar and smaller and deformed wire)] 

= d„ (l/20)//SQRFC (#7 bar and larger) 
K (3/5)//SQRFC (#22 bar and larger)] 

Step 3: Calculate concrete cover and c.-c. spacing expressed as multiples of bar diameter, d„. 
Step 4: Refer to chart below to determine whether Case 1 or Case 2: 



• ft 



STRUCTURAL 
ELEMENT 


CONCRETE 
COVER 


CASE, ACCORDING TO 
CENTER-TO-CENTER 
BAR SPACING 






<2d„ 


<H 




Beams, Columns 


<d„ 


2 


2 


2 




*d„ 


2 


1 


1 


All Others 


<d b 


2 


2 


2 




zd t 


2 


2 


1 



Where d k = nominal diameter of bar. 
Step 5: Apply cover/spacing modification factor: 



CASE 


4 = 


1 

2 


1.0x4 

1 .5 x A 
1 ' 1 



mm 



Step 6: Lightweight aggregate concrete (ACI 12.2.4) 

If/ rf not specified, t 4 = 1.3 p d 
\{f a is specified, i d = Factor x 4 

Where Factor * 6.7 SQRFC//, M.O [SQRFC /( 1 .8/,) z 1 .0] 
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APPENDIX A— Supporting Formulas for Tables of Development and Lap Splice Lengths 



Step 7: Top bar effect and epoxy coating (ACI 12.2.4) 



1 


Top Bar 


Not Top Bar 


Uncoated 1 


ti = 1-3x4 


4= i° x 4 


Epoxy-Coated 


4 = 1.7x4 


4= 1-5x4 



Step 8: Minimum length (ACI 12.2.1) 

t d > 12 in. [300 mm] 
A.2 TENSION DEVELOPMENT LENGTH— ACI 12.2.3 

Step 1: SQRFC = Smaller of 100 or ft] (ACI 12.1.2) 
[SQRFC = Smaller of 25/3 or ft] (ACI 12.1.2)] 

Step 2: Calculate c, A lr and K lT (ACI 12.2.3) 
c = smaller of: 



4,= 



a. Distance from center of bar to nearest concrete surface. 

b. One-half the center-to-center distance spacing of the rebar. 

Total cross-sectional area of all transverse reinforcement within spacing 5, in. 2 [mm 2 ] 



* 1500 sn 



10 sn 



Where £ = specified yield strength of transverse reinforcement, psi [MPa]. 

s = spacing of transverse reinforcement, inches [mm], 
n = number of bars being developed or spliced. 

Note: (c + KJ/d b z 2.5 



Step 3: Calculate development length (ACI 12-2.3) 

<f d = (3/40)1/^ /SQRFC )dj 



c + K,. 



5 

c + K, 



1(9/10)^ /SQRFC )d b / 



Step 4: Lightweight aggregate concrete (ACI 12.2.4) 

If f a is not specified, 4= 1.3 4 
If/„ is specified, t 4 = Factor x 4 

Where Factor * 6.7 SQRFC * 1.0 [SQRFC/(J.*/J ^ 1.0] 
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APPENDIX A — Supporting Formulas for Tables of Development and Lap Splice Lengths 



» # 



Step 5: Top bar effect and epoxy coating (ACI 12.2.4) 





Top Bar 


Not Top Bar 


Uncoated 


4 = l-3x(, 


4= 1-0x4 


Epoxy-Coated 




4= 1-5x4 



It 



Step 6: Bar size (12.2.4) 

If #6 [#19] and smaller and deformed wire, 4 = 0.8 4 
If #7 [#22] and larger, 4 = 1.0 4 
Step 7: Minimum length (ACI 12.2.1) 

4 2 12 in. [300 mm] 
A.3 TENSION DEVELOPMENT LENGTH— AASHTO 
Step 1: Basic development length (AASHTO 8.25.1) 

4 = Greater of 0.04 AJjftj or 0.0004 dj y 

= [Greater of 0.02 AJ/ft] or 0.06 d t f } 
= 0.085/,/^ 



(#3-#ll) 

(#10-#36)] 

(#14) 

(#43)] 

(#18) 

(#57)] 



Step 2: Lightweight aggregate concrete (AASHTO 8.25.2.2) 

If f a is not specified, 4 = 1.33 4 
If /a is specified, 4 = Factor x 4 

Where Factor = 6.7 ft //„ i 1.0 [^'/(1.8/J i 1 .0] 

Step 3: Top bar effect and epoxy coating (AASHTO 8.25.2.1, 8.25.2.3) 





Top Bar 


Not Top Bar 


Uncoated 


4= 14x4 


4= 10x4 


Epoxy-Coated 


4= 1.7x4 


4 = 1-5 x 4 



1 

L 
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APPENDIX A — Supporting Formulas for Tables of Development and Lap Splice Lengths 

Step 4: If extra cover/spacing in accordance with AASHTO 8.25.3. 1 

td = 0.8 ^ (i.e. Category 1) 
Otherwise, £ = 1.0 4 (i.e. Category 2) 

Step 5: If spirals in accordance with AASHTO 8.25.3.3 

4 = 0-75 i 4 

Step 6: Minimum length (AASHTO 8.25.4) 
4 * 12 in. [300 mm] 
A.4 COMPRESSION DEVELOPMENT LENGTH— ACI 318, AASHTO 

Step 1 : SQRFC = Smaller of 1 00 or ^ (ACI 3 1 8 only, ACI 1 2. 1 .2) 
[SQRFC = Smaller of 25/3 or ftj (ACI 318 only, ACI 12.1.2)] 

Step 2: Basic development length (ACI 12.3.2, AASHTO 8.26.1) 

4 = Greater of 0.02 d h f y /SQRFC or 0.0003 dj y 
[Greater of <f t /,/(4 SQRFC) or 0.04 d b f y ] 

Step 3: If spirals or ties in accordance with ACI 12.3.3.2 (AASHTO 8.26.2.2) 

4 = 0.75 4 

Step 4: Minimum length (ACI 12.3.1, AASHTO 8.26) 
4*8 in. [200 mm] 

A.5 TENSION DEVELOPMENT LENGTH OF STANDARD HOOKS— ACI 318, AASHTO 

Step 1: SQRFC = Smaller of 100 or ft] (ACI 318 only, ACI 12.1.2) 
[SQRFC = Smaller of 25/3 or ftj (ACI 318 only, ACI 12.1.2)] 

Step 2: Basic development length (ACI 12.5.2, AASHTO 8.29.2) 

4= 1200d,/SQRFC [100 4,/SQRFC] 
Step 3: lff y not 60,000 psi [420 MPa] (ACI 12.5.3.1, AASHTO 8.29.3.1) 

4 = ft/ 60.000) 41^/420)^ 
Step 4: II extra cover in accordance with ACI 12.5*3.2 (AASHTO 8.29.3.2) 
4 = 0.7 4 
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,; APPENDIX A—Supporting Formulas for Tables of Development and Lap Splice Lengths 

i ■ 

| ' ^ Step 5: If ties/stirrups in accordance with ACI 12.5.3.3 (AASHTO 8.29.3.3) 



4 = 0.8 f M 

Step 6: If lightweight aggregate concrete (ACI 12.5.3.5, AASHTO 8.29.3.5) 

U = 1-3 4 

Step 7: If epoxy-coated (ACI 12.5.3.6, AASHTO 8.29.3.6) 

4= 124 

Step 8: Minimum length (ACI 12.5.1, AASHTO 8.29.1) 

4 * 8<f t , 6 in. [150 mm] 

A.6 TENSION LAP SPLICE LENGTH— ACI 3 1 8 

Step 1 : Calculate tension development length (see Section A. 1 or B.2) 

| Step 2: Lap Class (ACI 12.15.1) 
I 

| If Class A, LAP = 4 

j If Class B, LAP= 1.3 4 



Step 3: Minimum length (ACI 12-15.1) 
LAP ;> 12 in. [300 mm] 
A.7 TENSION LAP SPLICE LENGTH— AASHTO 

Step 1 : Calculate tension development length (see Section A.3) 
Step 2: Lap Class (AASHTO 8.32.3.1) 

If Class A, LAP = ^ 

If Class B, LAP = 1.3 4 

If Class C, LAP = 1.7 4 
Step 3: Minimum length (AASHTO 8.32.3.1) 

LAP * 12 in. [300 mm] 
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APPENDIX A— Supporting Formulas for Tables of Development and Lap Splice Lengths 



A.8 COMPRESSION LAP SPLICE LENGTH— ACI 318, AASHTO 

Step I: Basic lap length (ACI 12.16.1, AASHTO 8.32.4.1) 

If f y <> 60,000 psi, LAP = 0.0005 / d h 
[If/ z 420 MPa, LAP = 0.07 f y d f ] 

If / > 60,000 psi, LAP = (0.0009/ - 24) d b 
[If/ > 420 MPa, LAP = (0.13/, - 24)<fJ 

Step 2: Minimum length (ACI 12.16.1, AASHTO 8.32.4.1) 

LAP ^ 12 in. [300 mm] 
Step 3: If// < 3000 psi [20 MPa] (ACI 12.16.1, AASHTO 8.32.4.1) 

LAP = (4/3) LAP 
Step 4: Compression member and minimum length 

If tied compression member in accordance with ACI 12.17.2.4 (AASHTO 8.32.4.1) 

LAP = 0.83 x LAP 

* 12 in. [300 mm] 

If spiral compression member in accordance with ACI 12.17.2.5 (AASHTO 8.32.4.1) 
LAP = 0.75 LAP 

z 12 in. [300 mm] 

A.9 SEISMIC JOINT TENSION DEVELOPMENT LENGTH— ACI 318 

Step 1: Basic development length (ACI 21.5.4.1) 

4 = Greater of 8 d b , 6 in. [150 mm], or f y dj(65 ftj ) \f y d b /(5A JfJ )] 
Step 2: If lightweight aggregate concrete (ACI 2 1 .5.4. 1 ) 

4= 1-25 4 

Step 3: Top bar effect (ACI 21.5.4.2) 

If top bar, P d = 3.5 i d f 
If not top bar, i d = 2.5 i 4 
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j APPENDIX A — Supporting Formulas for Tables of Development and Lap Splice Lengths 

| | A.10 SEISMIC JOINT TENSION HOOK DEVELOPMENT LENGTH— ACI 318 

Siep 1 : Basic hook development (ACI 2 1 .5.4. 1 ) 

t A = Greater of 8 d h , 6 in., or /, d b /(65 ft ) 

(Greater of 8 d t , 150 mm, or f y d b l(bA ft )} 

Step 2: If lightweight aggregate concrete (ACI 21.5.4.1) 
U = 1-25 U 

A.l 1 TENSION DEVELOPMENT LENGTH OF PLAIN WELDED WIRE FABRIC— ACI 12.8 

Step 1 : SQRFC = Smaller of 100 or ft (ACI 12. 1 .2) 
I [SQRFC = Smaller of 25/3 or ft (ACI 12.1 .2)] 

Step 2: Calculate development length (ACI 12.8) 

f d = 0.27 (AJsJitySQKFC) 
[3.3(AJO(ySQRFC)] 

Step 3: lightweight aggregate concrete (ACI 12.2.4) 

(j^ If f a not specified, i d - 1.3 i 4 

If f a is specified, i d = Factor x i d 

Where Factor ;> 6.7 SQRFC/f^ ;> 1.0 [SQRFC/(1.8 1.0] 
Step 4: Minimum length (ACI 12.8) 
£ d z 6 in. [150 mm] 

A.12 TENSION DEVELOPMENT OF DEFORMED WELDED WIRE FABRIC— ACI 12.7 

Step 1: Calculate tension development length (see Section A.1 or A.2) 

Note: Minimum tension devleopment length is 8 in. [200 mm] 

Step 2: Calulate WFF x P d where WFF = Wire Fabric Factor: 

a. If at least one cross-wire within development length and cross-wire is at least 2 in. [50 mm] from 
critical section: 

WFF = Greater of: 
(f y - 35,000)/f y , 5 dA, 
[(f y -240)/f y , 5d,/sJ 
<; 1.0 



it 



b. Otherwise: 

WFF = 1.0 
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APPENDIX A— Supporting Formulas for Tables of Development and Lap Splice Lengths 



AA3 TENSION LAP SPLICE LENGTH OF PLAIN WELDED WIRE FABRIC— ACI 12.19 

Step 1: Calculate tension development length (see Section A.l 1) 

Note: Ignore minimum tension development length at 6 in. [150 mm]. 

Step 2: If (A, provided) is less than (A, required), lap length is greater of: 
♦Cross-wire spacing + 2 in. [50 mm] 

•1-5 4 

•6 in. [150 mm] 

If (A x provided) is at least {A s required), lap splice length is greater of: 
•1.5 4 

•2 in. [50 mm] 

A.14 TENSION LAP SPLICE LENGTH OF DEFORMED WELDED WIRE FABRIC— ACI 12.18 

Step 1: Calculate tension development length (see Section A 12) 

Note: Ignore minimum tension development length of 8 in. [200 mm]. 

Step 2: Lap splice length is greater of: 
•1.3 4 

•8 in. [200 mm] 
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APPENDIX B—ACI 318-89 Tension Development and Lap Splice Tables 



The tables on ihc following four pages give values of 
tension development lengths of straight bars and tension 
lap splice lengths based on the provisions in Chapter 12 of 
the AC! HI 8-80 Building Code. All tabulated dam are for 
Grade 00 reinforcing bars in normal weight concrete with 
the concrete compressive strength. f' c ranging from 3000 to 
8000 psi. 

The tables use the terminology "Categories I. 2, 3, 4, 5, 
and 6." Categories 1 through 6, which depend on the type 
of structural element, concrete cover, and the center-to-cen- 
ter spacing of the bars, are defined as: 



Structural 
Element 


Concrete 
Cover 


Category, According to 
Center-to-Center Bar Spacing 


<3d b 


>3d b 
<4d b 


*4d 5 \ 
<6d b 


*6d b 


Beams, 
Columns, and 
Inner Layer of 
Walls or Slabs 


<d 5 


1 
1 


1 

3 


1 

5 


2 
6 






1 


1 


1 


2 


All Others 


>d b <2d b 


1 


3 


3 


4 




*2d 5 


1 


3 


5 


6 



Tables 4(a) through 4(f), tension development lengths, 
and Tables 5(a) through 5(f), tension lap splice lengths, are 
for uncoated bars. Tables 6(a) through 6(f) and Tables 7(a) 
through 7(f) are for epoxy-coated bars. There are no special 
development requirements in the Code for zinc-coated (gal- 
vanized) bars. For lightweight aggregate concrete, the val- 
ues in the tables would have to be modified by the applica- 
ble factor (ACI 12.2.4.2). 

These notes apply to all the tabulated values of tension 
development and tension lap splices: 

1 . Values of 0^ for bars in beams or columns are based on 
transverse reinforcement meeting minimum require- 
ments for stirrups in ACI 1 1 .5.4 and 1 1 .5.5.3, or meet- 
ing tie requirements in ACI 7.10.5; and are based on 
minimum cover specified in ACI 7.7.1. 

2. Top bars are horizontal bars with more than 12 in. of 
concrete cast below the bars. 

3. #11 and smaller edge bars with c.-c. spacing not less 
than 6 dj ; arc assumed to have a side cover not less than 

2.5 df r Otherwise, Category 5 applJes rather than 

Category (3. 



4. Conditions which require Catcgoiy 1 or Caici;oi\ 
development or lap splice lengths (i.e., shaded areas) 
should be avoided if at all possible lor the larger b-ir 
sixes. These inordinately long Icngihs present possible 
constructability problems due to placing, congest inn, 
etc. Options available in trying to avoid Category 1 oi 2 
conditions include: 

(a) Increasing the concrete cover to more than one bar 
diameter and/or increasing the bar c.-c. spacing to 
more than three bar diameters. 

(b) Utilizing the A u allowance in ACI 12.2.3.1(b) for 
beams or columns. Note that if ties or stirrups 
meet the minimum A lf requirement, Category 1 
lengths are reduced to Category 5 lengths and 
Category 2 lengths are reduced to Category 6 
lengths. 

One additional note applies to the tabulated values of 
tension lap splice lengths in Tables 5(a) through 5(f) and 
Tables 7(a) through 7(f): 

1. Lap splice lengths are multiples of tension > i-e., val- 
ues in Table 5(a) are multiples of in Table 4(a); values 
in Table 7(a) are multiples of in Table 6(a); etc.; Class 
A= 1.0 l d and Class B= 1.3 (ACI 12.15.1). 

One additional note applies to the tabulated values of 
tension development and lap splice lengths for epoxy-coat- 
ed bars in Tables 6(a) through 6(f) and Tables 7(a) through 
7(f): 

1. If c.-c. spacing is at least 7 dy and concrete cover is at 
least 3 dfr then Category 6 lengths may be multiplied by 
0.918 (top bars) or by 0.8 (other bars). 
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APPENDIX B—ACI 318-89 Tension Development and Lap Splice Tables 



TABLE 4(a)— Tension Development Lengths,^ (inches) for 

Grade 60 Uncoated Bars 

f£= 3000 psi; Norma! Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 


Category 


Category 


Ct7C 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


16 


16 


16 


16 


16 


16 


13 


13 


13 


13 


13 


13 


#4 


23 


22 


22 


22 


22 


22 


18 


17 


17 


17 


17 


17 


#5 


36 


29 


27 


27 


27 


27 


27 


22 


21 


21 


21 


21 


#6 


50 


40 


35 


32 


32 


32 


39 


31 


27 


25 


25 


25 


#7 


69 


55 


48 


39 


38 


38 


53 


42 


37 


30 


29 


29 


#8 


90 


72 


63 


51 


45 


43 


70 


56 


49 


39 


35 


33 


#9 


114 


91 


80 


64 


57 


48 


88 


70 


62 


49 


44 


37 


#10 


145 


116 


102 


81 


73 


58 


112 


89 


78 


63 


56 


45 


#11 


178 


142 


125 


100 


89 


71 


137 


110 


96 


77 


69 


55 


#14 


242 


242 


170 


170 


121 


121 


187 


187 


131 


131 


93 


93 


#18 


356 


356 


250 


250 


178 


178 


274 


274 


192 


192 


137 


137 



TABLE 4(c)— Tension Development Lengths, l d (inches) 

for Grade 60 Uncoated Bars 

f£= 5000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 


Category 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 




3 


4 


5 


6 


#3 


13 


13 


13 


13 


13 


13 


12 


12 


12 


12 


12 


12 


#4 


lis 


17 


17 


17 


17 


17 


14 




13 


13 


13 


13 


#5 


28 


22 


21 


21 


21 


21 


21 


17 


16 


16 


16 


16 


#6 


39 


31 


27 


25 


25 


25 


V 30 


; 24 


21 


19 


19 


19 


#7 


53 


43 


37 


30 


29 


29 


J41 


-33 


29 


23 


23 


23 


#8 


70 


56 


49 


39 


35 


33 


54 


^43 


38 


30 


27 


26 


#9 


••89 


71 


62 


50 


44 


38 


- ;68 


f55 


48 


38 


34 


29 


#10 


112 


90 


79 


63 


56 


45 


87 


69 


61 


49 


43 


35 


#11 


;138 


110 


97 


77 


69 


55 


106 


85 


74 


60 


53 


43 


#14 


188 


188 


132 


132 


94 


94 


145 


145 


101 


101 


72 


72 


#18 


276 


276 


193 


193 


138 


138 


212 


212 


149 


149 


106 


106 



TABLE 4(e)— Tension Development Lengths, C d (inches) 
for Grade 60 Uncoated Bars 
f^=7000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 


Category 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


#4 


15 


14 


14 


14 


14 


14 


12 


12 


12 


12 


12 


12 


#5 


23 


19 


18 


18 


18 


18 


18 


15 


14 


14 


14 


14 


#6 


33 


27 


23 


21 


21 


21 


26 


20 


18 


16 


16 


}6 


#7 


45 


36 


32 


25 


25 


25 


35 


28 


24 


'20 


19 


19 


#8 


59 


47 


42 


33 


30 


28 


46 


37 


32 


26 


23 


22 


#9 


75 


60 


53 


42 


38 


32 


58 


46 


40 


32 


29 


25 


#10 


95 


76 


67 


53 


48 


38 


73 


59 


51 


41 


37 


29 


#11 


117 


93 


82 


65 


58 


47 


90 


72 


63 


50 


45 


36 


#14 


159 


159 


111 


111 


80 


80 


122 


122 


86 


86 


61 


61 


#18 


233 


233 


163 


163 


117 


117 


180 


180 


126 


126 


90 


90 



TABLE 4(b)— Tension Development Lengths, * d (inches) 

for Grade 60 Uncoated Bars 

f' c = 4000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 


Category 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


14 


14 


14 


14 


14 


14 


12 


12 


12 


12 


12 


12 


#4 


20 


19 


19 


19 


19 


19 


15 


15 


15 


15 


15 


15 


#5 


31 


25 


23 


23 


23 


23 


24 


19 


18 


18 


18 


18 


#6 


44 


35 


31 


28 


28 


28 


34 


27 


24 


22 


22 


22 


#7 


59 


48 


42 


33 


33 


33 


46 


37 


32 


26 


25 


25 


#8 


78 


63 


55 


44 


39 


37 


60 


48 


42 


34 


30 


29 


#9 


99 


79 


69 


56 


50 


42 


76 


61 


53 


43 


38 


32 


#10 


126 


101 


88 


70 


63 


50 


97 


77 


68 


54 


48 


39 


#11 


154 


123 


108 


86 


77 


62 


119 


95 


83 


67 


59 


48 


#14 


210 


210 


147 


147 


105 


105 


162 


162 


113 


113 


81 


81 


#18 


309 


309 


216 


216 


154 


154 


237 


237 


166 


166 


119 


119 



TABLE 4(d)— Tension Development Lengths, « d (inches) 

for Grade 60 Uncoated Bars 

f£= 6000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 


Category 


Category 


SIZE 
































3 


4 


5 


6 


f 


".2 : 

■ a- 


3 


4 


5 


6 


#3 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


#4 




£-15 


15 


15 


15 


15 


13 


>12 


12 


12 


12 


12 


#5 


25 


V.20 


19 


19 


19 


19 


m 


>16 


15 


15 


15 


15 


#6 


-3d* 


■?29 


25 


23 


23 


23 


-28 


-22 


19 


18 


18 


18 


#7 




^39 


34 


27 


27 


27 


£7 


<30 


26 


21 


21 


21 


#8 




251 

"i . 


45 


36 


32 


31 




09 


35 


28 


25 


24 


#9 


81 


V65 


57 


45 


41 


34 


62 


;50 


44 


35 


31 


27 


#10 


103 


1B2 


72 


58 


51 


41 


79 


63 


55 


44 


40 


32 


#11 




001 


88 


71 


63 


51 


97 


<;78 


68 


54 


49 


39 


#14 


171 


171 


120 


120 


86 


86 


132 


132 


92 


92 


66 


66 


#18 


252 


252 


177 


177 


126 


126 


194 


194 


136 


136 


97 


97 



TABLE 4(f)— Tension Development Lengths, C d (inches) 

for Grade 60 Uncoated Bars 

f' c = 8000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 


Category 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


#4 


14 


13 


13 


13 


13 


13 


12 


12 


12 


12 


12 


12 


#5 


22 


18 


17 


17 


17 


17 


17 


14 


13 


13 


13 


13 


#6 


31 


25 


22 


20 


20 


20 


24 


19 


17 


15 


15 


15 


#7 


42 


34 


30 


24 


23 


23 


32 


26 


23 


18 


18 


18 


#8 


55 


44 


39 


31 


28 


269 


43 


34 


30 


24 


21 


20 


#9 


70 


56 


49 


39 


35 


30 


54 


43 


38 


30 


27 


23 


#10 


89 


71 


62 


50 


45 


36 


68 


55 


48 


38 


34 


28 


#11 


109 


87 


76 


61 


55 


44 


84 


67 


59 


47 


42 


34 


#14 


149 


149 


1041 


104 


74 


74 


1141 


114 


80 


80 


57 


57 


#18 


218 


218 


93 


153 


109 


109 


68 


168 


118 


118 


84 


84 



96 



APPENDIX B — AC I 318-89 Tension Development and Lap Splice Tables 



TABLE 5(a)— Tension Lap Splices Lengths (inches) for Grade 60 Uncoated TABLE 5(b)— Tension Lap Splices Lengths (inches) for Grade 60 Uncoated 

Bars f^OOO psi; Nonnal Weight Concrete Bars f ^ = 4000 pSl; NofTnal Weight Concrete 







TOP BARS 


OTHER BARS 








TOP BARS 


OTHER BARS 


Bar 

Size 


Lap 
Class 


Category 


Category 




Bar 
Size 


Lap 

Class 


Category 


Category 








2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 








1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 




#3 


A 
B 


16 
21 


16 
21 


16 
21 


16 
21 


16 
21 


16 
21 


13 
16 


13 
16 


13 
16 


13 
16 


13 
16 


13 
16 




#3 


A 
B 


14 
18 


14 
18 


14 
18 


14 
18 


14 

18 


14 
18 


12 
16 


12 
16 


12 
16 


12 
16 


12 
16 


12 
16 


#4 


A 
B 


53 

30 


55 

28 


52 
28 


22 
28 


22 
28 


22 
28 


18 

23 


17 

22 


17 

22 


17 
22 


17 
22 


17 

22 




#4 


A 
B 


50 
26 


19 
24 


19 
24 


19 
24 


19 
24 


19 
24 


15 

20 


15 
19 


15 

19 


15 
19 


15 
19 


15 
19 


#5 


A 
B 


36 
46 


59 
37 


27 
35 


27 
35 


27 
35 


27 
35 


27 
36 


22 
29 


21 
27 


21 
27 


21 
27 


21 
27 




#5 


A 
B 


31 
40 


25 
32 


23 
30 


23 
30 


23 
30 


23 
30 


24 
31 


19 

25 


18 

23 


18 

23 


18 

23 


18 
23 


#6 


A 
B 


50 
65 


40 

52 


35 
46 


32 
42 


32 
42 


32 
42 


39 
50 


31 
40 


27 
35 


25 
32 


25 
32 


25 
32 




#6 


A 
B 


44 
57 


35 
45 


31 
40 


28 

36 


28 
36 


28 
36 


34 
44 


27 
35 


24 
31 


22 
28 


22 
28 


22 
28 


#7 


A 
B 


69 
89 


55 
71 


48 

63 


39 
50 


38 
49 


38 
49 


53 
69 


42 

55 


37 
48 


30 
39 


29 
38 


29 
38 




#7 


A 
B 


59 
77 


48 
62 


42 
54 


33 
43 


33 
42 


33 
42 


46 
59 


37 
48 


32 
42 


26 
33 


25 
33 


25 
33 


#6 


A 
B 


90 
117 


» 
94 


63 
82 


51 
66 


45 
59 


43 
56 


70 
90 


56 
72 


49 
63 


39 
51 


35 
45 


33 
43 




#8 


A 
B 


78 
102 


63 
81 


55 
71 


44 

57 


39 
51 


37 
48 


60 
78 


48 
63 


42 
55 


34 
44 


30 
39 


29 
37 


#9 


A 
B 


114 
148 


91 
119 


80 
104 


64 
83 


57 
74 


48 

63 


88 
114 


70 
91 


62 
80 


49 
64 


44 

57 


37 
48 




#9 


A 
B 


99 
129 


79 
103 


69 
90 


56 
72 


50 
64 


42 
55 


76 
99 


61 

79 


53 
69 


43 
56 


38 
50 


32 
42 


#10 


A 
B 


145 
188 


lie 

151 


102 
132 


81 
106 


73 
94 


58 
76 


115 
145 


89 

116 


78 
102 


63 
81 


56 
73 


45 
58 




#10 


A 
B 


126 
163 


101 
131 


88 
114 


70 
92 


63 
82 


50 
65 


97 
126 


77 
101 


68 
88 


54 
70 


48 

63 


39 
50 


#11 


A 
B 


178 

231 


142 
185 


125 
162 


100 
130 


89 
116 


71 

93 


137 
178 


110 
142 


96 
125 


77 
100 


69 
89 


55 
71 




#11 


A 
B 


154 

200 


123 
.160 


108 
140 


86 
112 


77 

100 


62 
80 


119 
154 


95 
123 


83 
108 


67 

86 


59 
77 


48 

62 



TABLE 5(c)— Tension Lap Splices Lengths (inches) for Grade 60 Uncoated 
Bars f' c = 5000 psi; Normal Weight Concrete 



Bar 
Size 




TOP BARS 


OTHER BARS | 


Lap 

Class 


Category 


Category 




m 




3 


4 


5 


6 




m 


3 


4 


5 


6 


#3 


A 
B 






13 
16 


13 
16 


13 

16 


13 

16 






15 
16 


15 

16 


15 
16 


12 
16 


#4 


A 

B 






17 

22 


17 

22 


17 

22 


17 

22 




w 


13 

17 


13 

17 


13 
17 


13 
17 


#5 


A 
B 






51 
27 


51 
27 


51 

27 


51 

27 






16 
21 


16 
21 


16 
21 


16 
21 


#6 


A 
B 






57 
36 


57 
36 


55 
33 


55 
33 


at 




51 
27 


19 
25 


19 

25 


19 
25 


#7 


A 
B 






37 
48 


37 

48 


59 
38 


59 

38 


m 




59 
37 


53 
30 


53 
29 


53 
29 


#8 


A 
8 






49 
64 


49 
64 


35 
46 


33 
43 




*M3 


38 

49 


30 

39 


57 
35 


56 
33 


#9 


A 
B 






65 

81 


65 
81 


44 
58 


38 
49 




m 


48 
62 


38 
50 


34 
44 


59 
38 


#10 


A 
B 


m 




79 

102 


79 
102 


56 
73 


45 
59 


if! 




61 
79 


49 
63 


43 
56 


35 
45 


#11 


A 
B 


rISB 
£79 


9» 


97 

126 


9/ 
126 


69 

90 


55 

72 


m 

438 


$85 

■iio 


74 

97 


60 

77 


53 
69 


43 

55 



TABLE 5(d)— Tension Lap Splices Lengths (inches) for Grade 60 Uncoated 
Bars 1 4 c - 6000 psi; Normal Weight Concrete 







TOP BARS 


OTHER BARS 


Bar 
Size 


Lap 
Class 


Category 


Category 






m 


H 


3 


4 


5 


6 


■|| 


1. 


3 


4 


5 


6 


#3 


A 
B 




m 


15 
16 


15 

16 


15 
16 


15 
16 


: *5 
•¥6 


^5 


15 
16 


15 
16 


15 
16 


12 
16 


#4 


A 
B 






15 
20 


15 

20 


15 
20 


15 

20 


,i$ 
i6 


$5 

*16 


12 
16 


15 

16 


15 
16 


12 
16 


#5 


A 
B 


£33 




19 

25 


19 
25 


19 

25 


19 
25 


-50 
25 


^5 
;<20 


15 
19 


15 
19 


15 
19 


15 
19 


#6 


A 
B 


m 




55 
33 


23 
30 


23 
30 


53 
30 


58 
36 


;55 
$29 


19 
25 


18 
23 


18 

23 


18 
23 


#7 


A 
B 






34 
44 


57 

35 


27 
35 


57 

35 


157 
49 


$30 

•^39 


35 
45 


51 
27 


21 
27 


51 

27 


#8 


A 
B 






45 
58 


36 
47 


32 
42 


31 

40 


"49 

64 


3& 
£51 


35 
45 


28 
36 


25 
32 


54 
31 


#9 


A 
B 


:«1 
litis 


: SB4 


57 
74 


45 
59 


41 

53 


34 
45 


65 

•81 


:50 
v&5 


44 
57 


35 
45 


31 

41 


27 
34 


#10 


A 
B 


;^03 

V133 


05 


72 
93 


58 
75 


51 

67 


41 
54 


79 

103 


mz 


55 
72 


44 
58 


40 
51 


32 
41 


#11 


A 
B 


156 

1164 


^01 

^31 


88 
115 


71 

92 


63 

82 


51 

66 


57 

126 


78 

101 


68 
88 


54 
71 


49 

63 


39 
51 



TABLE 5(f)— Tension Lap Splices Lengths (inches) for Grade 60 Uncoated 
TABLE 5(e)— Tension Lap Splices Lengths (inches) for Grade 60 Uncoated Bars r - 800 o psi; Normal Weight Concrete 

Bars f^=7000 psi; Normal Weight Concrete 







TOP BARS 


OTHER BARS 








TOP BARS 


OTHER BARS 


Bar 

Size 


Lap 
Class 


Category 


Category 




Bar 
Size 


Lap 
Class 


Category 


OTHER BAR! 










1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 








1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


A 


12 


15 


12 


12 


12 


12 


15 


12 


12 


12 


12 


12 




#3 


A 


12 


12 


12 


12 


12 


15 


15 


15 


12 


12 


12 


12 


B 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 




B 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 


#4 


A 
B 


15 
20 


.14 
"18 


14 
18 


14 
18 


14 
18 


14 
18 


15 
16 


15 
16 


12 
16 


12 
16 


12 
16 


12 
16 




#4 


A 
B 


14 
18 


13 
17 


13 
17 


13 
17 


13 
17 


13 
17 


15 
16 


15 
16 


12 
16 


15 
16 


12 
16 


12 
16 


#5 


A 


53 


19 


18 


18 


18 


16 


16 


15 


14 


14 


14 


14 




#5 


A 


55 


18 


17 


17 


17 


17 


17 


14 


13 


13 


13 


13 


B 


30 


24 


23 


23 


23 


23 


23 


19 


18 


18 


18 


18 




B 


28 


23 


22 


22 


22 


22 


22 


18 


17 


17 


17 


17 


#6 


A 


33 


57 


53 


51 


51 


51 


56 


50 


18 


16 


16 


16 




#6 


A 


31 


55 


55 


20 


20 


20 


54 


19 


17 


15 


15 


15 


B 


43 


34 


30 


28 


28 


28 


33 


27 


23 


21 


21 


21 




B 


40 


32 


28 


26 


26 


26 


31 


25 


22 


20 


20 


20 


#7 


A 


45 


36 


35 


55 


55 


55 


35 


58 


54 


50 


19 


19 




#7 


A 


45 


34 


30 


24 


23 


23 


32 


56 


53 


16 


18 


18 


B 


58 


47 


41 


33 


32 


32 


45 


36 


32 


25 


25 


25 




B 


55 


44 


38 


31 


30 


30 


42 


34 


30 


24 


23 


23 


#8 


A 


59 


47 


45 


33 


30 


58 


46 


37 


35 


56 


53 


55 




#8 


A 


55 


44 


39 


31 


58 


56 


43 


34 


30 


54 


51 


20 


B 


77 


62 


54 


43 


39 


37 


59 


47 


42 


33 


30 


28 




B 


72 


58 


50 


40 


36 


34 


55 


44 


39 


31 


28 


26 


#9 


A 


75 


60 


53 


45 


38 


35 


58 


46 


40 


35 


29 


25 




#9 


A 


70 


56 


49 


39 


35 


30 


54 


43 


38 


30 


57 


53 


B 


97 


78 


68 


55 


49 


41 


75 


60 i 


53 


42 


'«38 


32 




B 


91 


73 


64 


51 


46 


39 


70 


56 


49 


39 


35 


30 


#10 


A 
B 


~95 
123 


76 

99 


67 

86 


53 

69 


48 

62 


38 
50 


73 

95 


5<? 

76 


51 

67 


41 

53 


37 

48 


29 
38 




#10 


A 
B 


89 
115 


71 

92 


65 
81 


50 
65 


45 
58 


36 
46 


68 

89 


55 

71 


48 
62 


38 
50 


34 
45 


28 
36 


#11 


A 


^T17 


93 


82 


65 


58 


47 


90 


72 


63 


50 


45 


36 




#11 


A 


109 


87 


76 


61 


55 


44 


84 


67 


59 


47 


42 


34 


B 


152 


121 


106 


85 


76 


61 


117 


93 


82 


65 


58 


47 




B 


142 


113 


99 


80 


71 


57 


109 


87 


76 


61 


55 


44 



APPENDIX B—ACI 318-89 Tension Development and Lap Splice Tables 



TABLE 6(a)— Tension Development Lengths, C d (inches) 

for Grade 60 Epoxy-Coated Bars 

f' c = 3000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 




Category 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


21 


21 


21 


21 


21 


21 


19 


19 


19 


19 


19 


19 


#4 


30 


28 


28 


28 


28 


28 


27 


25 


25 


25 


! 25 


25 


#5 


46 


37 


35 


35 


35 


35 


41 


33 


31 


31 


31 


31 


#6 


66 


53 


46 


42 


42 


42 


58 


47 


41 


37 


37 


37 


#7 


90 


72 


63 


50 


49 


49 


79 


63 


56 


44 


43 


43 


#8 


118 


94 


83 


66 


59 


56 


104 


83 


73 


58 


52 


50 


. #9 


149 


119 


105 


84 


75 


63 


132 


105 


92 


74 


66 


56 


, #10 


190 


152 


133 


106 


95 


76 


167 


134 


117 


94 


84 


67 


i #11 


233 


.186 


163 


130 


117 


93 


205 


164 


144 


115 


103 


82 


i #14 


317 


317 


222 


222 


159 


159 


280 


280 


196 


196 


140 


140 


; #18 


466 


466 


326 


326 


233 


233 


411 


411 


288 


288 


206 


206 



TABLE 6(c)— Tension Development Lengths, « d (inches) 
for Grade 60 Epoxy-Coated Bars 
f' c = 5000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 


Category 


Category 


SIZE 






3 


4 


5 


6 






3 


4 


5 


6 


#3 
#4 
#5 


m 

HI 


<St7 
f|29 


17 
22 
27 


17 

22 
27 


17 
22 
27 


17 

22 
27 


'M5 

n 


li 


15 
19 
24 


15 
19 
24 


15 
19 
24 


15 
19 
24 


#6 
#7 
#8 


%> 


•&41. 
•55 


36 
49 
64 


33 
39 
51 


33 
38 
46 


33 
38 
44 


m 

-61 

M 


f^49 
■ .65 


32 
43 
57 


29 
35 
45 


29 
34 
41 


29 
34 
38 


#9 
#10 
#11 


180 


•93 
144 


81 
103 
126 


65 
82 
101 


58 
74 
90 


49 

59 
72 


102 
130 
159 


m 

127 


72 
91 
111 


57 
73 
89 


51 
65 
80 


43 
52 
64 


#14 
#18 


246 
361 


246 
361 


172 
253 


172 
253 


123 
181 


123 
181 


21,7 
318 


217 
318 


152 
223 


152 
223 


108 
159 


108 
159 



TABLE 6(e) — Tension Development Lengths, Q d (inches) 

for Grade 60 Epoxy-Coated Bars 

f' c = 7000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 






Cate 


gory 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


14 


14 


14 


14 


14 


14 


12 


12 


12 


12 


12 


12 


#4 


20 


19 


19 


19 


19 


19 


18 


16 


16 


16 


16 


16 


#5 


31 


24 


23 


23 


23 


23 


27 


22 


20 


20 


20 


20 


#6 


43 


35 


30 


28 


28 


28 


38 


31 


27 


25 




25 


#7 


59 


47 


41 


33 


32 


32 


52 


42 


36 


29 


29 


29 


#8 


77 


62 


54 


43 


39 


37 


68 


55 


48 


38 


34 


33 


#9 


98 


78 


69 


55 


49 


42 


86 


69 


61 


48 


43 


37 


#10 


124 


99 


87 


70 


62 


50 


110 


88 


77 


62 


55 


44 


#11 


152 


122 


107 


66 


76 


61 


135 


108 


94 


75 


67 


54 


#14 


208 


208 


145 


145 


104 


104 


183 


183 


128 


128 


92 


92 


#18 


305 


305 


214 


214 


153 


153 


269 


269 


189 


189 


135 


135 



TABLE 6(b)— Tension Development Lengths, C d (inches) 

for Grade $ 0 Epoxy-Coated Bars 

f' c = 4000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 






Cate 


gory 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


18 


18 


18 


18 


18 


18 


16 


16 


16 


16 


16 


16 


#4 


26 


24 


24 


24 


24 


24 


23 


22 


22 


22 


22 


22 


#5 


40 


32 


31 


31 


31 


31 


36 


29 


27 


27 


27 


27 


#6 


57 


46 


40 


37 


37 


37 


50 


40 


35 


32 


32 


32 


#7 


78 


62 


54 


44 


43 


43 


69 


55 


48 


39. 


38 


38 


#8 


102 


82 


72 


57 


51 


49 


90 


72 


63 


51 


45 


43 


#9 


129 


104 


91 


73 


65 


55 


114 


91 


80 


64 


57 


48 


#10 


164 


><131 


115 


92 


82 


66 


i;145 


>JL16 


102 


81 


73 


58 


#11 


202 


161 


141 


113 


101 


81 


V178 


$42 


125 


100 


89 


71 


#14 


l;274 


274 


192 


192 


137 


137 


242 


242 


170 


170 


121 


121 


#18 


403 


'403 


283 


283 


202 


202 


356 


J356 


249 


249 


178 


178 



TABLE 6(d)— Tension Development Lengths, l d (inches) 
for Grade 60 Epoxy-Coated Bars 
f£= 6000 psi; Normal Weight Concrete 



BAR 
SIZE 


TOP BARS 


OTHER BARS 




Category 


Category 


Site 1 




3 


4 


5 


6 


m 


fit 


3 


4 


5 


6 


#3 
#4 
#5 






15 
20 
25 


15 
20 
25 


15 
20 
25 


15 
20 
25 




IH 


13 
18 
22 


13 
18 

22 


13 
18 
22 


13 
18 
22 


#6 
#7 
#8 


P 

m 


it 

m 


33 
45 
59 


30 
36 
47 


30 
35 
42 


30 
35 
40 


p 

if 




29 
39 
52 


26 
32 
41 


26 
31 
37 


26 
31 
35 


***** 


#9 
#10 
#11 


P6 


m 

"132 


74 
94 
115 


59 
75 
92 


53 
67 
82 


45 
54 
66 


m 

145 


JT16 


65 
83 
102 


52 
66 
82 


47 

59 
73 


40 
48 

58 


#14 
#18 


T 224 
¥330 


r 224 
: 330 


157 
231 


157 
231 


112 
165 


112 
165 


198 
291 


198 

£291 


139 
204 


139 
204 


99 
146 


99 
146 



TABLE 6(f)— Tension Development Lengths, « d (inches) 

for Grade 60 Epoxy-Coated Bars 

f' c = 8000 psi; Normal Weight Concrete 





TOP BARS 


OTHER BARS 


BAR 




Category 


Category 


SIZE 




























1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


13 


13 


13 


13 


13 


13 


12 


12 


12 


12 


12 


12 


#4 


19 


17 


17 


17 


17 


17 


16 


15 


15 


15 


15 


15 


#5 


29 


23 


22 


22 


22 


22 


25 


20 


19 


19 


19 


19 


#6 


40 


32 


28 


26 


26 


26 


36 


29 


25 


23 


23 


23 


#7 


55 


44 


39 


31 


30 


30 


49 


39 


34 


27 


27 


27 


#8 


72 


58 


51 


41 


36 


35 


64 


51 


45 


36 


32 


30 


#9 


92 


73 


64 


51 


46 


39 


81 


65 


57 


45 


41 


34 


#10 


116 


93 


81 


65 


58 


47 


103 


82 


72 


58 


51 


41 


#11 


143 


114 


100 


80 


71 


57 


126 


101 


88 


71 


63 


51 


#14 


194 


194 


136 


136 


97 


97 


171 


171 


120 


120 


86 


86 


#18 


285 


285 


200 


200 


143 


143 


252 


252 


176 


176 


126 


126 



98 



APPENDIX B—ACI 318-89 Tension Development and Lap Splice Tables 



TABLE 7(a)— Tension Lap Splice Lengths (inches) for Grade 60 Uncoated Bars TABLE 7(b)— Tension Lap Splice Lengths (inches) for Grade 60 Uncoated Bars 
1' c - 3000 psi; Normal Weight Concrete f' c - 4000 psi; Normal Weight Concrete 







TOP BARS 


OTHER BARS 








TOP BARS 


OTHER BARS 


Bar 

Size 


Lap 

Class 


Category 


Category 




Bar 

Size 


Lap 

Class 


Category 


Category ! 






1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 








1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


A 
B 


21 
28 


21 

28 


21 
28 


21 
28 


21 

9ft 


21 
28 


19 
24 


19 
24 


19 
24 


19 
24 


19 
24 


19 
24 




#3 


A 
B 


18 
24 


18 
24 


18 
24 


18 
24 


18 
24 


18 
24 


16 
21 


16 
21 


16 
21 


16 
21 


16 
21 


16 
21 


#4 


A j 
B ! 


$0 
39 


28 
37 


28 
37 


28 
37 


28 
37 


28 
37 


27 
34 


25 
32 


25 
32 


25 
32 


25 
32 


25 
32 




#4 


A 
B 


26 
34 


24 
32 


24 
32 


24 
32 


24 
32 


24 
32 


23 
30 


22 
28 


22 
28 


22 
28 


22 
28 


22 
28 


#5 


A 
g 


46 
60 


37 
48 


35 
46 


35 
46 


35 
46 


35 
46 


41 

53 


33 
43 


31 
40 


31 
40 


31 
40 


31 
40 




#5 


A 
B 


40 

52 


32 
42 


31 
40 


31 
40 


31 
40 


31 
40 


36 
46 


29 
37 


27 
35 


27 
35 


27 
35 


27 
35 


#6 


A 
B 


66 
86 


53 
68 


46 
60 


42 
55 


42 
55 


42 
55 


58 
75 


47 
60 


41 

53 


37 
48 


37 
48 


37 
48 




#6 


A 
B 


57 
74 


46 
59 


40 
52 


37 
47 


37 
47 


37 
47 


50 
65 


40 
52 


35 
46 


32 
42 


32 
42 


32 
42 


#7 


A 
B 


90 
117 


12 
93 


63 
82 


50 
65 


49 
64 


49 
64 


79 
103 


63 
82 


56 
72 


44 

58 


43 
56 


43 
56 




#7 


A 
B 


78 
101 


62 
81 


54 
71 


44 

57 


43 

55 


43 
55 


69 
89 


55 
71 


48 
62 


39 
50 


38 
49 


38 
49 


#8 


A 
B 


118 
153 


94 
123 


83 
107 


66 
86 


59 
77 


56 
73 


104 
135 


83 
108 


73 
95 


58 
76 


52 
68 


50 
64 




#8 


A 
B 


102 
133 


82 
106 


72 
93 


57 
75 


51 
67 


49 
63 


90 
117 


72 
94 


63 
82 


51 
66 


45 

59 


43 
56 


#9 


A 
B 


149 
194 


119 

155 


105 
136 


84 
109 


75 
97 


63 
82 


132 
171 


105 
137 


92 
120 


74 
96 


66 
86 


56 
73 




#9 


A 
8 


129 
168 


104 
134 


91 
118 


73 
94 


65 
84 


55 
71 


114 
148 


91 
119 


80 
104 


64 
83 


57 
74 


48 

63 


#10 


A 
B 


196 
246 


152 
197 


133 
172 


106 
138 


95 
123 


76 
99 


167 
217 


134 
174 


117 
152 


94 
122 


84 
109 


67 
87 




#10 


A 
B 


164 
213 


131 
171 


115 
149 


92 
120 


82 
107 


66 
86 


145 
188 


116 
151 


102 
132 


81 
106 


73 
94 


58 
75 


#11 


A 
B 


233 
302 


m 

242 


163 
212 


130 
169 


117 
151 


93 
121 


205 
267 


164 
214 


144 
187 


115 
150 


103 
134 


82 
107 




#11 


A 
B 


202 
262 


151 
210 


141 
183 


113 
147 


101 
131 


81 
105 


478 

231 


142 
185 


125 
162 


100 

130 


89 
116 


71 

93 



TABLE 7(c) — Tension Lap Splice Lengths (inches) for Grade 60 Uncoated 
Bars f' c = 5000 psi; Norma! Weight Concrete 



TABLE 7(d) — Tension Lap Splice Lengths (inches) for Grade 60 Uncoated Bars 
f' c = 6000 psi; Normal Weight Concrete 







TOP BARS 


OTHER BARS 








TOP BARS 




OTHER BARS 




Bar 
Size 


Lap 
Class 


Category 


Category 




Bar 
Size 


Lap 
Class 


Category 


Category 












3 


4 


5 


6 






3 


4 


5 


6 










m 


3 


4 


5 


6 


:|| 




3 


4 


5 


6 


#3 


A 
B 






1* 
21 


17 
21 


17 
21 


17 
21 




■ 


15 
19 


15 
19 


15 
19 


15 
19 




#3 


A 
B 


:m 




15 
20 


15 
20 


15 
20 


15 
20 


m 


^13 

:Bt 


13 
17 


413 


13 
17 


13 
.17 


#4 


A 

B 




« 


M 

m 


as 


22 
28 


22 
28 


22 
28 


22 
28 




lii 


19 

25 


19 

25 


19 

25 


19 

25 




#4 


A i 
B 


.328 


£26 


20 
26 


2o 

26 


20 
26 


2b 

26 


-24 


V.-18 

V23 


18 

23 


18 

23 


18 

23 


18 

23 


#5 


A 
B 




h 






2? 

35 


2* 

35 


27 
35 


27 
35 




3& 


24 
31 


24 
31 


24 
31 


24 
31 




#5 


A 
B 


-33 
..;43 


if* 


25 
32 


25 
32 


25 
32 


2$ 

32 




\v23 
^30 


22 

29 


22 

29 


22 
29 


22 
29 


#6 


A 
B 






36 
47 


33 
42 


33 
42 


33 
42 




s& 
Wt 


32 
41 


29 
38 


29 
38 


29 
38 




#6 


A 
B 


,41 




33 
42 


30 
39 


30 
39 


30 
39 


£3 


s33 

3&3 


29 
36 


26 
34 


26 
34 


26 
34 


#7 


A 
B 








49 
63 


39 
51 


38 
50 


38 
50 






43 
56 


35 
45 


34 
44 


34 
44 




#7 


A 
B 


Mi 

Mi 


*£i 

W 


45 
58 


36 
46 


35 
45 


35 
45 


"i£6 
i73 


45 

v*'S8 


39 
51 


32 
41 


31 
40 


31 
"40 


#8 


A 
B 






64 

83 


51 
67 


46 
60 


44 

57 




# 5 


57 
74 


45 
59 


41 

53 


38 
50 




#8 


A 
B 


>84 


■41 
isr 


59 
76 


47 
61 


42 
54 


40 

52 


14 

<QQ 


;vS9 

^77 


52 
67 


41 
54 


31 
AS 


35 
46 


#9 


A 
B 


m 




81 
105 


65 
84 


58 
75 


49 
64 


m 


»£2 
M6 


72 
93 


51 
74 


51 
66 


43 
56 




#9 


A 
B 


106 

-137 


,85 

Wo 


74 
96 


59 
77 


53 
69 


45 
58 


^93 
H21 


^5 

; J&7 


65 
85 


52 
68 


47 
61 


40 
51 


#10 


A 


m 






103 


82 


V4 


59 


d£o 




91 


73 


65 


52 




#10 


A 


134 


407 


94 


75 


67 


54 


its 


«95 


83 


66 


59 


48 


B 




k 


| 


134 


107 


96 


77 


118 


94 


84 


68 




B 


Wz£ 


339 


122 


98 


87 


70 


.154 


Mz 


108 


86 


77 


62 


#11 


A 
B 


^80 




88 


126 

164 


101 
131 


90 
117 


72 

94 


in 


-427 

;i65 


111 
145 


89 
116 


80 
104 


64 

83 




#11 


i A 
B 


165 
214 


132 
171 


115 
150 


92 
120 


82 
107 


66 
86 


145 

189 


,116 
151 


102 
132 


82 
106 


73 

95 


58 
76 



TABLE 7(e)— Tension Lap Splice Lengths (inches) for Grade 60 Uncoated Bars TABLE 7(f)— Tension Lap Splice Lengths (inches) for Grade 60 Uncoated Bars 
f£=7000 psi; Normal Weight Concrete f' c = 8000 psi; Normal Weight Concrete 



• 







TOP BARS 


OTHER BARS 








TOP BARS 


OTHER BARS 


Bar 
Size 


Lap 
Class 


Category 


Category 




Bar 
Size 


Lap 
Class 


Category 


Category 






1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 








1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


6 


#3 


A 
B 


14 
18 


14 
18 


14 
18 


14 
18 


14 
18 


14 
18 


12 
16 


12 
16 


12 
16 


12 
16 


12 
16 


12 
16 




#3 


A 
B 


13 
17 


13 
17 


13 
17 


13 
17 


13 
17 


13 
17 


12 
16 


12 
16 


12 
16 


12 
16 


12 
16 


12 
16 


#4 


A 
B 


20 
26 


19 

^24 


19 
24 


19 
24 


19 
24 


19 
24 


18 

23 


16 
21 


16 
21 


16 
21 


16 
21 


16 
21 




#4 


A 
B 


19 
24 


17 

23 


17 

23 


17 

23 


17 

23 


17 

23 


16 
21 


15 

20 


15 
20 


15 
20 


15 
20 


15 
20 


#5 


A 
B 


31 

'40 


24 

32 


23 
30 


23 
30 


23 
30 


23 
30 


27 

35 


22 
28 


20 
27 


20 
27 


20 
27 


20 
27 




#5 


A 
B 


29 
37 


23 

30 


22 
28 


22 
28 


22 
28 


22 
28 


25 
33 


20 
26 


19 
25 


19 

25 


19 

25 


19 

25 


#6 


A 
B 


.43 
56 


35 
45 


30 
39 


28 
36 


28 
36 


28 
36 


48 

50 


31 
40 


27 
358 


25 
32 


25 
32 


25 
32 




#6 


A 
B 


40 
52 


32 
42 


28 
37 


26 
34 


26 
34 


26 
34 


36 
46 


29 
37 


25 
33 


23 
30 


23 
30 


22 
30 


#7 


A 
B 


59 
76 


.47 
. 61 


41 

54 


33 

43 


32 

42 


32 

42 


52 
67 


42 
54 


36 
47 


29 
38 


29 
37 


29 
37 




#7 


A 
B 


55 
71 


44 

57 


39 
50 


31 
40 


30 
39 


30 
39 


49 
63 


39 
51 


34 
44 


27 
35 


27 
35 


27 
31 


#8 


A 
B 


77 

100 


62 
80 


54 
70 


43 
56 


39 
50 


37 

48 


68 

.89 


55 
71 


48 

62 


38 
50 


34 
44 


33 
42 




#8 


A 
8 


72 
94 


58 

75 


51 
66 


41 

53 


36 
47 


35 
45 


64 
83 


51 
66 


45 
58 


36 
47 


32 
42 


3( 
4( 


#9 


A 
B 


98 
127 


78 
102 


69 
89 


55 
71 


49 
64 


42 
54 


.86 
112 


69 

-8 


61 
79 


48^ 
63* 


43 
56 


37 
48 




#9 


A 
B 


92 
119 


73 

95 


64 
83 


51 
67 


46 
60 


39 
50 


61 
105 


65 
84 


57 
74 


45 
59 


41 

53 


3- 
4i 


#10 


A 

B 


J24 
161 


99 
129 


87 
113 


70 

90 


62 
81 


50 

65 


■110 

142 


114 


7? 

100 


62 
80 


55 
71 


44 
57 




#10 


A 
B 


116 
151 


93 
121 


81 

106 


65 
85 


58 
76 


47 
61 


103 

133 


1 82 

107 


72 

93 


56 
75 


51 
67 


A' 

5: 


#11 


A 
B 


152 
198 


J22 
159 


10/ 

139 


86 
111 


76 

99 


61 

79 


135 
175 


108 

140 


94 

122 


/5 
I 98 


57 

88 


54 
70 




#11 


A 
B 


143 
185 


114 
148 


100 
130 


80 
104 


71 

93 


57 
74 


126 
164 


101 
131 


88 
115 


71 

92 


63 
82 


5- 
6< 



APPENDIX C — Mechanical Splice Manufacturers 



Bar-Lock Coupler Systems (Bar-Lock) 

R O. Box 28280 
Bellingham, WA 98228 
Tel: 3(50-738-1891 
Fax: 360-738-1887 

BarSplice Products, Inc. (BarSplice) 
1300 Granger Hall Road 
Beavercreek, OH 45430 
Tel: 937-427-6466 
Fax: 937-427-6470 

Dayton Superior Corporation (Dayton) 

721 Richard Street 
Miamisburg, OH 45342 
Tel: 513-866-0711 
Fax: 513-866-1558 

Dywidag Systems International, USA, Inc. (DSI) 
107 Beaver Brook Road 
Lincoln Park, NJ 07035 
Tel: 201-628-8700 
Fax: 201-628-8253 

Erico, Inc. (Erico) 
34600 Solon Road 
Cleveland, OH 44139 
Tel: 216-248-0100 
Fax:216-349-3163 



Fox-Howlett Industries, Inc. (Fox-Howlett) 

744 Folger Avenye 
Berkeley, CA 94710 
Tel: 510-841-1016 
Fax: 510-841-1018 

Harris Rebar, Inc. (Harris) 

P. O. Box 9990 

Stoney Creek, Ontario, CANADA L8G 3Y4 
Tel: 905-662-5700 
Fax: 905-561-7326 

Headed Reinforcement Corp. (HRC) 

1 1 200 Condor Avenue 
Fountain Valley, CA 92708 
Tel: 714-557-1455 
Fax:714-557-4460 

Richmond Screw Anchor Co., Inc. (Richmond) 

7214 Burns Street 
Richland Hills 
Ft. Worth, TX 761 18 
Tel: 817-284-4981 
Fax: 817-284-4504 

Splice Sleeve North America (SSNA) 
18 Scott Road 
Harvard, MA 01451 
Tel: 508-456-8085 
Fax: 508-456-8191 





Splice Manufacturer 


Mechanical Splice 


Bar-Lock 


BarSplice 


Dayton 


DSI 


Erico 


Fox-Howled 


Harris 


HRC 


Richmond 1 


SSNA 


j^^^cS^^^wn^eWani^^i^^^^gg 


mm 






."r iV".,*.r "-.ipiiL J 












1 


Cold-Swaged Coupling Sleeve 




X 














X 




Cold-Swaged Threaded Coupling 




X 


















Combination Grout-Filled/Threaded Sleeve 










X 








X 




Coupler for Thread-Deformed Rebar 








X 














Coupling Sleeve with Wedge 










X 










X 


Extruded Coupling Sleeve 








X 














Grout-Filled Coupling Sleeve 




















X 


Hot-Forged Coupling Sleeve 














X 








Shear Bolt Coupling Sleeve 


X 


X 


















Steel-Filled Coupling Sleeve 










X 












Straight Thread Coupler with Upset Rebar Ends 
















X 






Taper-Threaded Coupler 










X 


X 




X 






Upset Straight Thread Coupler 




f 


—r- 










X 


X 




Non-Upset Straight Thread Coupler 




X 


X 












X 




CompresslofvOnly Mechanical Splice * 






















Bolted Strap Coupling Sleeve 










X 




X 








Steel-Filled Coupling Sleeve 










X 












Wedge -Locking Coupling Sleeve 




X 



















100 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ .GRAY SCALE DOCUMENTS 



REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





LINES OR MARKS ON ORIGINAL DOCUMENT 



THIS PAGE BLANK <usrn» 



